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STEROIDS AS NEUROCHEMICAL STI MULATORS OF THE VNO 
TO ALLEVIATE SYMPTOMS OF PMS AN D ANXIETY 

5 Cross Reference To Related Appli cations 

This is a continuation-in-part of U.S. Serial No. 
08/725,862, filed October 4, 1996, which is a continuation- 
in-part of U.S. Serial No. 08/686,092, filed July 23, 1996 
which is a continuation-in-part of U.S. Serial No. 
10 08/625,268, filed March 29, 1996 which is a continuation-in- 
part of U.S. Serial No. 08/286,073, filed August 4, 1994. 

This application is related to U.S. Application 
.Serial No. 08/127,908, filed September 28, 1993 which is a 
continuation-in-part of U.S. Application Serial No. 
15 07/903,604, filed 24 June 1992, which in turn is a 
continuation-in-part of U.S. Application Serial No. 
07/708,936, filed 31 May 1991, which in turn is a 
continuation-in-part of U.S. Application Serial No. 
07/638,185, filed 7 January 1991, now abandoned. 
20 The application also relates to U.S. Application 

Serial No. 08/127,980 filed September 28, 1993 which is 

another continuation-in-part of U^S. Patent Application 

Serial No. 07/903,604, U.S. Patent Application Serial No. 
08/077,359, filed 15 June 1993, and to commonly assigned, 
25 co-pending U.S. Patent Application Serial No. 07/903,525, 
filed 24 June 1992 (a continuation-in-part of U.S. 
Application Serial No. 07/707,862, filed 31 May 1991, which 
in turn is a continuation-in-part of U.S. Application Serial 
No. 07/638,743, filed 7 January 1991, now abandoned) 
30 entitled "Estrene Steroids as Neurochemical Initiators of 
Change in Human Hypothalamic Function and Related 
Pharmaceutical Compositions and Methods"; and to the 
commonly assigned, co-pending continuation-in-part of 
07/903,525, U.S. Patent Application Serial No. 08/077,140. 
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The aforementioned U.S. patent applications are each 
incorporated herein by reference. 

Finally, this application may relate to U.S. Patent 
5,278,141, issued January 11, 1994 entitled "Fragrance 
Compositions Containing Human Pheromones", and U.S. Patent 
5,272,134, issued December 21, 1993, entitled "Fragrance 
Compositions and Other Compositions which Contains Human 
Pheromones . " 
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Technical Fielri 
This invention relates generally to methods for 
alleviating symptoms of PMS and anxiety. 



Description of the Related Art 
The present invention relates to certain steroids, 
and methods of using these steroids as human vomeropherins 
in order to alter hypothalamic function, thereby affecting 
certain consequent behavior and physiology, e.g., the 
reduction of anxiety. Ohloff, G. et al . ( Helv. Chim 
(1983) 66:192-217), which is incorporated herein by 
reference, have shown that -several -steroids (androstenes) 
have an odor which varies with different isomeric, ~ ~ ~ ~ 
diastereomeric, and enantiomeric forms. Some members of 
this group have been reported to act as a pheromone in some 
mammalian species - for instance, 5a-androst -16-en-3 -one and 
5a-androst-16-en-3a-ol in pigs (Melrose, D.R., et_al., Br_^ 
25 vet. J. (1971) 127=497-502). These 16 -androstenes produced 
by the boar induce mating behavior in estrus sows (Claus, et 
al ■ , Experiment ia (1979) 35:1674-1675) . 

Some studies have noted that, in some species, 
various characteristics of certain 16 -androstenes (including 
5or-Androst-16-en-3or-ol and 5a-Androst-16-en-3-one) , such as 
concentration, metabolism, and localization, are sexually 
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dimorphic (Brooksbank et al ■ . J- Endocr. (1972) 52: 239-251; 
Claus, et al. . J- Endocr . (1976) 68=483-484; Kwan, et al. ,, 
MoH sci. Res. (1987) 15_: 1443 -1444 ) . For instance, 5a- 
Androst-16-en-3a-ol and 5a-Androst-16-en-3-one, as well as 
Androsta-4,16-dien-3-one, have been found at different 
concentrations in the peripheral blood, saliva and axillary 
secretions of men and of women (Kwan, T.K., et al. , Med,. 
sci. R es. (1987) 15:1443-1444), and their function as a 
human pheromone, to the extent of affecting choice and 
judgment, has been suggested (Id.; see also Gower, et al . , 
"The Significance of Odorous Steroids in -Axillary Odour", 
In, Perfumery , pp. 68-72, Van Toller and Dodds, Eds., 
Chapman and Hall, 1988); Kirk-Smith, D.A. , fit_al., ResL. 
mmm. PsvchQl P«yrMat. Behav . (1978) 3:379). Androstenol 
15 <5of-androst-16-en-3a-ol) has been claimed to exhibit a 

pheromone -like activity in a commercial men's cologne and 
women's perfume (Andron™ for men and Andron'" for women by 
Jovan) . Japanese Kokai No. 2295916, refers to perfume 
compositions containing androstenol and/or its analogues. 
20 Androstadien-3/3-ol (and perhaps the 3«-ol) has also been 
identified in human axillary secretion (Gower, et al ■ , 
SU p ra , at 57-60) . On the other hand, there is little 
agreement in the literature as to whether or not any 
putative pheromone actually plays any role in the sexual or 
25 reproductive behavior of mammals, particularly of humans. 
See: Beauchamp, G.K., et al. , "The Pheromone Concept in 
Mammalian Chemical Communication: A Critique", In: 
^ii^n Olfacti on. Reproductive Processes and Behavior , 
Doty, R.L., Ed., Academic Press, 1976). See also: Gower, et 

30 al ■ , supra at 68-73. 

The pheromone properties of some estrene steroids 
for some mammalian species has been described. Michael, 
R.P. et al. . Nature (1968) 218:746 refers to Estrogens 
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(particularly Estradiol) as a pheromonal attractant of male 
rhesus monkeys. Parrot, R.F., Hormone ,nH u^^^ (1976) 
2:207-215, reports Estradiol benzoate injection induces 
mating behavior in ovariectomized rats; and the role of the 
blood level of Estradiol in make sexual response (Phoenix, 
C ' H -' P"Ysiol. and Behavior (1976) 16305-310) and female 
sexual response (Phoenix, C.H., Hormone ,nrf n 0 ^.<„ (1977) 
1:356-362) in Rhesus monkeys has been described. On the 
other hand, there is little agreement in the literature as 
to whether or not pheromones as such play any ro i e in the 
reproductive behavior and interpersonal communication of 
mammals (Beuchamp, G.K., et al . , The Pheromone Concept in 
Mammalian Chemical Communication: A Critique', In: 
Mammalian Olfaction, Reproductive Pro^ qses , anrt noha „^„ 
15 Doty R.L., Ed., Academic Press, 1976). 

The subject invention concerns the non- systemic 
administration to the vomeronasal organ (VNO) of certain 
steroids to alleviate symptoms of PMS and anxiety, as well 
as for treatment of elevated body temperature and paroxistic 
20 tachycardia (high pulse rate) . Administration provides for 
contacting neurochemical receptors in the VNO (also known as 
"Jacobson's organ"), with one or more steroid(s) or with 
compositions containing the steroid (s) . This organ is 
accessed through the nostrils of most higher animals - from 
snakes to humans, and has been associated, inter with 
pheromone reception in certain species (see generally 
Muller-Schwarze & Silverstein, Chemical si^ lc. Plenum 
Press, New York (1980)) . The axons of the neuroepithelia of 
the vomeronasal organ, located supra palatinal, form the 
vomeronasal nerve and have direct synaptic connection to the 
accessory olfactory bulb and indirect input from there to 
the cortico-medial amygdaloid basal forebrain and 
hypothalamic nuclei of the brain. The distal axons of 



25 



30 
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terminalis nerve neurons may also serve as neurochemical 
receptors in the VNO. Stensaas, L.J., et_al. , j. steroid 
B iochem. and Molec. Biol , , (1991) 39:553. This nerve has 
direct synaptic connection with the hypothalamus. 

Johnson, A. et al. ( J. Ot 0 1 a ryna 0 ] nov (1985) 14:71- 
79) report evidence for the presence of the vomeronasal 
organ in most adult humans, but conclude that the organ is 
probably non-functional. Contravening results which suggest 
that the VNO is a functional chemosensory receptor are 
reported by Stensaas, L. , et al., supra : and by Moran, D.T., 
e£__al., Garcia-Velasco, J. and M. Mondragon; Monti-Bloch, L. 
and B . Grosser all in J. Sterol R j orhPm an H Molpjr Rin j 
(1991) 3_9. 

This invention relates to the unexpected discovery 
that, when administered into the VNO of human subjects, 
certain neurochemical ligands, particularly steroids, and 
related compounds, specifically bind to chemoreceptors of 
certain nasal neuroepithelial cells and this binding 
generates a series of neurophysiological responses resulting 
in alleviating symptoms of PMS and anxiety. An effect via 
the VNO on the hypothalamus can affect the function of the 
autonomic nervous system and a variety of behavioral -or - - 
physiological phenomena which include, but are not limited 
to the following: anxiety, premenstrual stress, fear, 
aggression, hunger, blood pressure, and other behavioral and 
physiological functions normally regulated by the 
hypothalamus. See Otto Appenzeller, The Autonomic Nervous 

?vstem - An Introduction of h a s ic anri Hi, n i ca i rrmr^p t-c, 

(1990); Korner, P.I. Central nervous of aufnnnffl ^ 

Cardiovascular function , and Levy, N.M. and Martin, P.J. 
Neural control of , tfr e heart , both in Handbook of Physiology- 
Section 2; Cardiovascular System - the heart: . Vol. I, 
Washington DC, 1979, American Physiological Society,-' 
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Fishman, A. P., et al. editors, Handbook of Physiology. 
Section 3: Respiratory System. Vol. it. Control of 
breathing, Bethesda MD, 1986. American Physiological 
Society. 

5 Patients diagnosed with premenstrual dysphoric 

disorder ( PMDD , commonly referred as premenstrual syndrome 
or PMS) , show negative changes in mood together with 
physical symptoms, during the luteal phase of the menstrual 
cycle (see Table I). The symptoms are severe enough to cause 

10 physical or emotional distress, and they remit shortly after 
the onset of menstruation. However, they are not unique or 
diagnostic for this disease. Several surveys show that 30% 
of women have classical premenstrual dysphoric disorder 
symptoms, 2% to 10% being severely affected (Woods et al . , 

15 Am. J. Pub. Health, 72:1257-62, 1982; Van Keep et al., "The 
Premenstrual Syndrome - An Epidemiologic and Statistical 
Exercise", Van Keep, P. A. and Utian, W.H. , Eds., The 
Premenstrual Syndrome. MTP Press Ltd. . Lancaster, England, 
1981; and Andersch et al., J. Psychomsom. Obstet. Gyn. 5:39- 

20 46, 1986). It is also reported that PMDD is not a disease 
of just older women since teenagers and young women have 
symptomatology as frequently as older women (Rivera-Tovar e t ~ ~ ~ " ~ - 
al., Am. J. Psychiatry, 147:1634-43, 1990). 

Many patients that seek treatment for PMDD may be 

25 found to suffer from a generalized psychiatric disorder. 

However, the main feature distinguishing PMDD from chronic 
psychiatric disorders is the presence of at least one 
asymptomatic week in the follicular phase of every menstrual 
cycle. A list of the common symptoms of this syndrome is 

30 presented in Table I. Most women report a variety of 

emotional, physical and behavioral changes associated with 
the luteal phase of the menstrual cycle. But only those 
women that report cyclic luteal phase symptoms that remit 
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during menstruation, and that significantly affect their 
level of psychological or occupational functioning have 
PMDD. 

Table I. 

5 Table I . Common PMDD symptoms 



Emotional 

Anxiety 
Irritability 
Labile moods 

10 Depression 
Anger 
Sadness 
Crying easily 
Nervous tension 

15 Overly sensitive 



20 



Physical 

Headache 

Migraines 

Breast tenderness 

Swelling of extremities 

Bloatedness 

Fatigue 

Abdominal cramps 
Aches and pain 
Weight gain 
Skin problems 
Hot flashes 
Gastrointestinal 
Dizziness 
Palpitation 



Behavioral 

Food cravings 
Increased appetite 
Increased alcohol intake 
Decreased motivation 
Decreased efficiency 
Avoid activities 
Staying at home 
Sleep changes 
Changes in libido 
Reduced cognitive function 
Social isolation 
Poor concentration 
Forget fulness 
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In recent studies it was found that oi 
quantities of some vomeropherins lo " , , ' Plco 9 ra "' 
*«. to the v»o of no^ailo: S < C to ^ ^ ^ 

mood changes characterized by decreased ' Sh °" 

is a dear decrease in negative as^ t T"^' Th «« 

10 «« the patients fee! e Ixed IT^ 

correiate with increased relaxed ' T "ese changes 

individual (mtld bra^ne: an S dT? tiC ^ 

?:iticant increased z^z^t^r h 

xn skin conductance, and also increase , u ' Chan9e 

" activity) . A1 so, noticeable is the 1 f 

that correlates well with th. , . y ° f these effect * 

-flexes. The conclusion T^lT 
stimulated receptors in the vo mer onas al 

influenced the hypothalamus via the vo ' ^ ^ ™ ^ 
20 system. the vomeron asal-terminali s 

The .present invention also provides ■ 

symptoms of general anxiety, which are h attSnUatl ° n of 
Hamilton-A standard. characterized by the 

25 ^ Summary of t h n Tnvj^ntign 

mode of drug action through the invent n ° n " inVasivel y ' 2) a 

30 ^ ough the circui — : r::: in sy f stem and not 

affected without consideration of the w^b °° ^ * 

3) a direct means of affectina *l T bl °° dbrain barr ^r ; 

affectmg the hypothalamus - there is 
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only one synaptic ; -r.c::on between phercrr.on.e receptors ar.d 
the hypothalamus; and, 4)' providing a highly specific drug 
effect, thereby greatly reducing the potential for 
undesirable side-effects - this because sensory nerves are 
addressed to a specific location in the brain. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following, or may 
be learned by practice of the invention. 

Among the compositions, a preferred class contains a 
pharmaceutically acceptable carrier and a pregnane steroid 
with the formula: 




wherein P. is selected from the group consisting of cxo, 
ar-(tf-) hydroxy, a-(fl-) acetoxy, a-(jS-) propionoxy, a-(/J-> 
methoxy, a-{0-) lower acyloxy, a-{/?-) lower alkyloxy, and a- 
(0-) benzoyloxy; P 2 is selected from the group consisting of 
methyl, hydroxymethyl, acyloxymethyl , alkoxymethyl , lower 
alkyl, hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl ; P 3 is 
selected from the group consisting of hydrogen, oxo, halo, 
hydroxy, alkoxy, and acyloxy; P 4 through P u may each be, 
independently, hydrogen, halo, methyl, or halo-, dihalo-, or 
perhalomethyl and when P 2 is methyl and P 3 is 0-hydroxy, P 2 
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and ?, may be jointed cc form a cy^c e-" 

methyl, methylene, halo-subst.tuted^et^T ' haV* J^^' 
methylene, ethyl, echyienyi. ac»tyleny ' ' [ ■ ^s^** 
.ethyl-methinyl; and .... ., b ., ( ; c r le : d y !' -Chn r ch yl en yl , 

;;", ( ;: s :;7 a t e sices f - u bo „ ds ;; d a :t 

or k may also be trioie bonds H=io ^ u ' 
fluoro. bromo, chloro and .odo a toms ^ 

One class of preferred steroids has » b - as a do , . , 
bond, particularly wherein - d - or i „ , 

Another preferred class has -,- and - c - a ! !° * d ° Uble 
only -c- as a double bond Yec !"! th " b ° nds < ~ 

conta.ns - h . as a double bj^?™^ 

sin 9 l e bonds,, j being a doub ^ ~ 

triple bond. m another class »h» i, ,k 9 * 

a double bond, or i and j are absent o Ta^d ^ ' V " 
bonds, or j is . triplft bond> ° r 3 lnd 1 •« double 

The term lower alkyl, lower alkoxy etc < „ 
to encompass carbon chains of x to 6 car bon acoms ^ 
preferably l to 4 car b on atoms. ' 

char A SeC T ClaSS ° f C ° m P° siti — contains a 
.Pharmaceutical!/, acceptable carrier and . „ 

with the formula: * pre ^ne steroid _ 
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wherein ?. i 3 oxo< 



or 3-hydroxy, a . 2r 



*-pr=pionoxy. a- or Slower ' " ° r -««oxy. =r 

or 2-benzyloxy; ~ Y ' or - J -acyloxy. or a . 



" a "' "»>-. -c". -d", - e - ..... 



20 



^ are alternative sices f n *. ' : ' 

b a : n V k " may be absenc - p««»t Jul double 

bond; un J -o rorm a cripi e 

P s is hydroxy, hydrogen, lower a iu 
carbon atoms,, or P, is absen 9 t; l0Wer aUo ^ of 1 to « 

P> is oxo, hydrogen, hydroxv i 
carbon atoms or halo; ^oxy. lower alkoxy of i- 6 

p * is methyl or ethyl; 

P. is hydrogen, methyl or hal 0; 

P* is hydrogen or methyl 
One subset of the second preferred „• 
compositions contains steroids wherein d , V/" °' 
and optionally » b » is present as a n ki bond ' 
P-ferred class has J, . d .\£ Another 
optionally present. if ie! Present, and g or h are 

"n- is optionally present ^ T^" thiS Case ' ^en 
Present, with - £ - optional^ p^^^ Cl * SS ^ " = " 

^ for^^ ird ClaSS - 0f conta ln steroids with 
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wherein R, is selected from the 

of one or two hydrogen atoms, JZ7 essential^ 
two halo atoms,- R, is absent ' Q ^' «^«».. and one or 
consisting essentially of hydros ^ the 9rou P 

5 selected from the gro l 1 * " ^ *> ^ 

T ~y. Wr alC:™^ S 7 tially " - 
glucuronide and sulfonyl- r is , ben2 °>' 1 ' cypionyl, 

consisting essentially of hydrog" h^ ^ ^ 9r ° UP 
lower acyloxy, oxo and ° 9 *"> h ^oxy, lower al*oxy, 

10 from the group consisting essential! T °* * 
lower al koX y and lower acyl oxy R i °1 

and - a - represents optional a.' * hydr °9 en °r a halo; 

of said ceroid, or c \ TT^ of ring A 

double bonds; '. e «, -f.. „ ' d " are ea ch optional 

" ° Pti0nal bonds/and I/*' «<* 

wxth c 4< and Cl7 . Ia this e^odilent t ° he f0rm ~ 
Preferably administered in the f ^ is 

composition containing one or molT.T * Ph * rmace »^ 
acceptable carriers. Pharmaceutical ly 

20 A preferred subset of the thirH 1 

are those in which » a « is nr. 3SS ° f st *roids 

-optional- double bonds ^ "' 9 " 7 ° r " are 

- or ^ as a doubT 11""^ <*« -tains 



D • c" or »i> a . , , L , iCU cxass cont 

3 as a double bond v-i- 
contains -c- and - d . as doufale bo Yet ^her class 
25 contaxns R 2 as methyl and ° nds ' Still another class 

The term lower alkyl * b ° nd - 
encompasses carbon 

1 t0 4 -oms. „ alo includ ° es 6 I C3r 0n — P^ferably 

A fourth class of preferred , ^ Cl ' 

30 Pharmaceutically acceptable car rie r ^T^™ * 
steroid with the formula.- *" andros tane 
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wherein ?. is selected from the group consisting of oxo, o- 
('&-) hydroxy, <*-■(■£-■) acetoxy, or- (/?- ) propionoxy, 
or-(/3-) methoxy, cr-(/3-) lower acyloxy, ar-(0-) lower alkyloxy, 
and a-(0-) benzoyloxy; P 2 is selected from the group 
5 consisting of methyl, hydroxymethyl , acyloxymethyl , 

alkoxymethyl, lower alkyl, hydroxyalkyl , acyloxyalkyl , and 
alkoxylalkyl; P 3 is absent or is selected from the group 
consisting of methyl, hydroxymethyl, acyloxymethyl , 
alkoxymethyl, lower alkyl, hydroxyalkyl, acyloxyalkyl , and 

10 alkoxylalkyl; P 4 is selected from the group consisting of 
hydrogen, oxo, halo, hydroxy, alkoxy, and, acyloxy; P 5 
represents one or 2 substituents , wherein P 5 comprises one 
or two hydrogen atoms, methyl, methylene, or one or two halo 
atoms; P 5 is hydrogen or halo; and "a", "b" , "c n , "d", "e", 

15 H f", and "h" are alternative sites for optional double 
bonds . 

One subset of the fourth preferred class of steroids 
as "b" as a double bond, particularly wherein "c" or "d" is 
also a double bond. Another subset has "a" and "c" as 
20 double bonds. Yet another subset contains P 3 as a methyl 
group, "h" as an optional double bond, and P 5 as methylene 
or one or two hydrogen atoms. A subset of steroids wherein 
"a" or "b" is a double bond is also preferred. 

- 13 - 
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3y halo, ic is meant, F, Cl , Br, or I. The term 
lower aikyl, lower alkoxy, etc., is meant to encompass 
carbon chains of 1 to 6 carbon atoms, preferably 1 to 4 
carbon atoms. 

5 A fifth class of compositions comprise a 

pharmaceutical carrier and a 19-nor cholane of the formula: 




wherein P : is oxo, a- or j3-hydroxy, a- or 0-acetoxy, a- or 
0-propi6noxy, ~a- or /?- lower acetoxy, a-_o.r .jff- lower acyloxy, 
or or- or 0-benzyloxy; 
10 "a", "b", "c", "d M , "e ,r , "f", M g", "h", "i", 

"m M , "s" and "n H are alternative sites for optional double 
bonds, and "k n may be absent or present with "j" to form a 
triple bond; 

P 2 is hydroxy, hydrogen, lower alkoxy of 1 to 6 
15 carbon atoms, or P 2 is absent; 

P 3 is oxo, hydrogen, hydroxy, lower alkoxy of 1-6 
carbon atoms or halo; 

P 4 is methyl or ethyl; 

each P 5 and P 7 independently is hydrogen, methyl or 

20 halo; 
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P- : is hydrogen or methyl; 

ab s »„ r ^ independencl l' hydrogen or halo, are 

absent, or together for™ . CH ;; , is an integer from co 

Preferably, q=i. 
= One class of preferred i 9 .„ or cholane 

compositions contain steroids wherein "d" is a double bond 
and optionally -b- is present as a double bond. Ano her 
preferred class has .... . d . and ... p 

o" y present - other pref «"< . c . 

The novel class of 19-nor-cholanes are those of the 
above or.ula p eluding the compounds in the instances 

» " are' pr^l/b', c Tg"" h" i TT ' '* " ""^ " 

aK= ' ' 9 ' n ' 1< 3- k, n, and s are 

absent, q . 0 . P , is hydroxy and . is present or absent 

The term lower alkyl, lower alkoxy, etc., is meant 
to encompass carbon chains of i to s carbon atoms 
preferably 1 to 4 carbon atoms. 

20 A Class Of novel Storn^e i 

haiM steroids is also provided which 
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"herein R, is selected from th» 

° f ° ne " "» hydrogen atoms. tZ?* f^*^ "-ntially 
«. » absent or is selected from t he ' " " ^ ' 
essentiaUy of hydrogen, methyl and ^ 

5 r1 " 9 " Uh C "< «. is selected from "h ^ ^ f °™ an e ^ 
essentially of oxo , „ ~ « group consisting 

^n-yl. cypionyl. glucur y ' I*"" al ^-y. l°»er acyloxy. 

f™" insisting essent^" 'T^' «• is 

lower alxoxy. iower ^ Sent « "y ° f h **». hydroxy. 
0 -lected f ro „ the V J™. 1 '* 1 *' «. - absent or is 

hydroxy, lower alxoxy 17ZH7 C ° f 
a halo.- and ... L a hydrogen or 

»■* * of said steroid, or .[ .! ""-" 0 -saturation of 

optional double bonds; .„. „ ' ' and " d " a re each 
"Phonal double bonds.- and'-e" ma"', ^ " 3 " "» 
f" and c„ . f . - ay *or m an epoxy ring „ ith 

-V *orm an epoxy ring „7 ch c "ZT °» - «* 

Other objects of th ' 20 * 

Providing a met hod of alter LrJT^ aChieved 
autonomic functiQn in ^ ^^^c function and/or 

chemoreceptor dis pu y , d on - the - *_ lgand for, . _ 

neuroepithelial cell i« sur face of a nasal 

- ti.« other thi 1 rr n - is . part 

admxnistered within a nasal Z the li gand is 

^ the ligand binds f ^7 e ^ individual such is 

—Iting in an altera J Qn 1C ** ly to ^he c hemoreceptor 
individual. " ° f ^thalamic function of the 

All embodiments of this ■ 
-elude the functional e q uivai ent PPUCati ° n rela ^ to and 
^-losed in these embodLel ^ ? T —res 
steroids which demonstrate s d ° th ° Se m ° dlfi ^ 

aid Clonal equivalence, 
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whether or not the modified s 

disclosed. steroids are explicitly 

Brief •i r M'^i£u 1 , Dra „. 

5 f ° r «**ound Al-Pi in males J** ^ated EVG, GSR and ST 
" ^d 17. 35 tested according to Examples 

FIG - 2 is the data for the int- 
compounds Al-Pi A2 _ p , a . n integrated EVG for 

females. ' A3 " Pl ' Al- P4 , A2 _ P4 in 

10 FT.~ i • 

FI °- 3 13 ^e data f or the ST _ 
compounds Al-Pi A2 Pl ' "measurements of 

females. ' Pl ' A3 " Pl ' Al- P4 , A2 . P4 in 

FIG. 4 is the data 

females of compounds Al-Pi A , D measurements in 

15 P4. A2 - Pl ' A4-P1, A3 . pi; Al p4> ^_ 

FIG. 5 is the data f or ST rep ^ 
« females of compound Al- P3 . ' 3 EVG me asurements 

FIG. 6 is the data for rf and EKr 
females of compound A1-P3. measurements in 

0 FIG - 7 is the data -for efv m 

of the compound A1-P3. "measurements i n fema i es 

FIG. 8 is the data for the ST G «p „ 
measurements in male* R and EVG 

FIG 9 maie s of compound Al-p 3 . 

25 in males of 00^0^^^°' a " d EKG measurements 

FIG. 10 is the data f or the £EG _ 
males of compound Al- P3 . measurements in 

FIGS, u and I2 shQw t 

measurements in males and female ST ' GS * and EVG 

30 compound A2-P3. ^males, respectively, f or 

FIG S. 13 and 14 show the * 
measurements in males and females res ^ ^ 
compound A2-P3. emaies, respectively, f or 
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p IGS. 15 and 16 show the dat* f 
measurements in males and females ^ * F 3nd EKG 

compound A2-P3. ' res Pectively , for 

5 z ::Lv:zz: ata ° f ^ n - <« «* 

compound A8-pi. ' res P e ctively, f or 

FIGS - 19 20 show the data u 

measurements in males and ° f th * ™ and EKG 

compound A8-P1. ' res Pectively, f Qr 

F IGS. 21 and 22 show the data f 
" malSS - d f -les, respectively J," —-ts 

™- 23 and 24 show the da'ta 7 
measurements in males an<J f f ° r ST < « and EVG 

compounds A6-P1. ' res P e ctively, for 

FI GS. 25 and 26 show the dat- a * 
measurements in males and female, RF ^ EKG 

compound A6-pi. ' res Pectively, f or 

PIOS. 27 and 28 show the data f 
« -les and females, respectively J" ^ — ™ 
FIGS . 29, 30 »„h „ , y ' tor compound A6-P1 

- HKC and EEG .eaau^s tl^ s ^- - 

d ^«h ylpregna . 5 . 20 . dien . 3iJ Of „. 21 . 

r . «™ ^^r.^*'- «~ «- «. = SR . 

d lm echylp r e 9na _ 5 , 20 . dien _^ _^ ts ln '""l" of 2 „. 2l . 

«». R /^? a „r EE o raiLr; s the daca f ° r tha «• <*». 
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FIGS. 3 8 , 3 9 and 4 0 show the ST, GSR, EVG, RF EKG 
and EEG measurements in females of 20, 21-dimethylpregna- 
5, 20-dien-3-one . 

FIGS. 41, 42 and 43 show the ST, GSR, EVG, RF EKG 
5 and EEG measurements in males of compound A14-P2. 

FIGS. 44, 4 5 and 4 6 show the ST, GSR, EVG, RF, EKG 
and EEG measurements in females of compound A14-P2. 

FIGS. 47, 48 and 49 show the ST, GSR, EVG, RF, EKG 
and EEG measurements in males of compound A7-P2. 
10 FIGS. 50, 51 and 52 show the ST, GSR, EVG, RF, EKG 

and EEG measurements in females of compound A7-P2. 

FIGS. 53 and 54 show the ST, GSR, EVG, EEG 
measurements in males of compound All-Pi. 

FIGS. 55 shows the data of EEG measurements in males 
15 of compound A13-P1. 

FIGS. 56, 57 and 58 show the data of measurements of 
ST, GSR, EVG, RF, EKG and EEG in females of compound A13-P1. 

FIGS. 59 shows EVG, EDA and BT data of measurements 
in women of compound A3/P1. 
- 20 - - . FIG. 6 0 shows EVG, EDA and BT data of measurements 

in women of compound A4/P1. -------- 

FIGS. 61 and 62 show data of measurements in men and 
women, respectively, of compound A8/P1. 

FIGS. 63 and 64 show data of measurements in men and 
25 women, respectively, of compound A13/P8. 

FIGS. 65 and 66 show data of measurements in men and 
women, respectively, of compound A6/P1. 

FIGS. 67 and 68 show data of measurements in men and 
women, respectively, of the 20-methyl derivative of compound 
30 A6/P1. 

FIGS. 69 and 70 show data of measurements in men and 
women, respectively, of the 20 , 21-dimethyl derivative of 
compound Al/Pl . 
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FIGS. 71 and 72 show data of measurements in men and 
women, respectively, of the 20 , 21 -dimethyl derivative of 
compound A6/P1. 

FIGS. 73 and 74 show the data of measurements in men 
and women, respectively, of compound A14/P2. 

FIGS. 75 and 76 show the data of measurements in men 
and women, respectively, of compound A12/P1. 

FIGS. 77 and 78 show the data of measurements in men 
and women, respectively, of compound A7/P2.. 

FIGS. 79 and 80 show the data of measurements in men 
and women, respectively, of compound A13/P1. 

FIGS. 81 and 82 show the data of measurements in men 
and women, respectively, of compound A2/P7. 

FIGS. 83 and 84 show the data of measurements in men 
and women, respectively, of compound A3/P5. 

FIGS. 85-96 refer to the cholanes on Chart II 
FIGS. 85 and 86 show the data of measurements in men and 
women, respectively, of compound A8/C1. 

FIGS. 87 and 88 show the data of measurements in men 
and women, respectively, of compound A2 /Cl . 

FIGS. 89 and 90 show the data of "measurements in men" 
and women, respectively, of the acetate of compound A2/C1. 

FIGS. 91 and 92 show the data of measurements in men 
and women, respectively, of compound Al/Cl. 

25 FIGS - 93 and 94 show the data of measurements in men 

and women, respectively, of compound A3/C1. 

FIGS. 95 and 96 show the data of measurements in men 
and women, respectively, of compound A13/C1. 

FIG. 97 and FIG. 98 show the EVG and vomeronasal 
nerve discharge frequency, respectively, of steroid E2/P4 
and control, in female rats. 

FIGS. 99 through 120 show the EVG, EDA, RF, CF, EMG 
BT and EEC (alpha-V, alpha-T, beta-V and beta-T) data of 
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administration of designated 19-nor-steroids in the VNO 
women . 

FIGS. 121 through 142 show the EVG, EDA, RF, CF, 
EMG, BT and EEG data of administration of designated 19-nor- 
steroids in the VNO of men. 

FIG. 143 illustrates the synthesis of l, 3 ,5 (10), 
16-Estratetraen-3-ol . 

FIGS. 144A, 144B and 144C are graphic 
representations of the electrophysiological effect on 
receptor potential of the localized administration of 
particular steroids to the vomeronasal organ of male 
subjects (FIG. 144 A) and to the olfactory epithelium (FIG. 
144C) . FIG. 144B is a graphic comparison of the effect of 
an Estrene on the VNO receptor potential of male and female 
15 subjects. 

FIG. 14 5 is a graphic representation of the 
electrophysiological effect of the localized administration 
of particular steroids to the vomeronasal organ of male 
(145A) and female (145B) subjects. 

FIG - 146 depicts various autonomic responses of male 
subjects to 1,3,5(10), 16-Estratetraen-3 -yl acetate. - 
A = receptor potential of the vomeronasal neuroepithelium,- 
B = change in galvanic skin response (K-ohms) ; c = change in 
skin temperature (degrees C.). 

FIG. 14 7 depicts comparative changes in potential of 
the VNO after exposure to the methyl 5 ether and the acetate 
of 1,3,5 (10) , 16-Estratetraen-3-ol . 

FIG. 14 8 depicts sexual dimorphism in local and 
autonomic responses to the stimulation of the VNO with 
30 vomeropherins . Various vomeropherins (200 10 fmoles) and 
the diluent control were administered to 30 male and 30 
female subjects (ages 20 to 45 ) as described. Bars 
indicate the mean response of the population. 
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FIGS. 148A and 148B: EVG responses were measured as 
15 described in male (A) and female (B) subjects. 

FIGS. 148C and 148D: Electrodermal activity was 
measured as described. Changes (measured in xQ) in response 
5 due to delivery of vomeropherins to the VNO of each subject 
are shown in male (C) and female (D) subjects. 

FIGS. 148E and 148F: Alpha-cortical activity was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of male (E) and female (F) 
10 subjects . 

FIGS. 148G and 148H: Skin temperature (ST) was 
measured as described. Changes in response due to delivery 
of vomeropherins to the VNO of each subject are shown in 
male (G) and female (H) subjects. 



15 A = 1, 3, 5 (10) , 16-Estratetraen-3-yl acetate 

B = Androsta-4, 16-dien-3 -one 
C = 1,3,5 (10) , 16-Estratetraen-3-ol 
D = 3-Methoxy-Estra-l,3,5<10) ,16-tetraene 
• - - - E Androsta-4, 16-dien-3a-ol 

20 F = Androsta-4, 16-dien-3/?-ol ' ~ ~ 



FIG. 149 depicts electro-olf actograms of male and 
female subjects induced by stimulation of the OE with 
olfactants and vomeropherins A: 400 fmoles of the olfactants 
1-carvone and cineole as well as 200 fmoles of the 

25 vomeropherins A, B, C, D and F; and the 10 stereoisomer E 

were applied separately as one second pulses to the OE of 20 
subjects (both male and female) and each EOG response was 
recorded as described. The olfactants as well as E and B 
produced significant (p<0.01) local response. B: 400 fmoles 

30 of the olfactants 1-carvone and cineole do not induce a 
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significant EVG response when delivered to the VNO of male 
and female subjects. 

FIG. 150 depicts the electrophysiological effect of 
the following vomeropherins on the vomeronasal organ of 20 
5 female subjects: 



G = Androst -4 -en- 3 -one 
H = Androsta-4 , 16-dien-3 , 6-dione 
J = 10, 17-Dimethylgona-4 , 13 (17) -dien-3-one 
K = 1, 3, 5 (10) , 16-Estratetraen-3-ol-methyl ether 
10 L = 1,3, 5 (10) , 16-Estratetraen-3-yl-propionate 



EVG = Electro-vomeronasogram 

GSR = Galvanic Skin Response 

= Electrodermal Activity (EDA) 

ST = Skin Temperature 

15 FIG. 151 depicts the electrophysiological effect of 

vomeropherins on the vomeronasal organ of 20 male subjects. 

M = 1, 3 , 5 (10) -Estratrien-3-ol 



FIG. 152 depicts the synthesis of Estra- 
1, 3, 5 (10) , 6-tetraen-3-ol and Estra-4 , 16-dien-3 -ol . 

20 FIG. 153 depicts the synthesis of compounds 

described in Examples 63 through 66. 

FIG. 154 illustrates the steps of synthesis 
described in Examples 67 through 71. 

FIG. 155 illustrates the steps of synthesis 
25 described in Examples 72 through 75. 

FIG. 156 illustrates the steps of synthesis 
described in Examples 76 through 77. 
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FIG. 157 illustrates the steps of synthesis 
described in Examples 78 through 83. 

FIG. 158 illustrates the steps of synthesis 
described in Examples 84 through 86. 
5 FIG. 159 illustrates the steps of synthesis 

described in Examples 87 through 93. 

FIG. 160 illustrates the steps of synthesis 
described in Examples 94 through 96 . 

FIG. 161 illustrates the steps of synthesis 
10 described in Examples 97 through 98. 

FIGS. 162A, 162B and 162C illustrate the EVG, GSR 
and ST data on women, respectively, for 13 estranes on 
Chart 1 . 

FIGS. 163A, 163B and 163C illustrate the EVG, GSR 
15 and ST data on men, respectively, for 13 estranes on 
Chart 1. 

FIGS. 164A and 164B through 176A and 176B illustrate 
the EEG data on men (A) and women (B) for the 13 estranes, 
respectively, identified in FIGS. 163A-163C. 

2.0 FIG. 177 illustrates the synthesis of Androsta-4 , 16- 

dien-3-one, Androsta-4, 16-dien-3a-ol,~ and Androsta-4 ,16 - 
dien-3/?-ol . 

FIG. 178 illustrates the synthesis of Androsta- 5 , 16 - 
dien-3a-ol and Androsta-5, 16-dien-3/?-ol . 

25 FIG. 179 illustrates an alternate synthesis of 

Androsta-4, 16 -dien-3 -one . 

FIG. 180 is a graphic representation of the 
electrophysiological effect on receptor potential of the 
localized administration of particular steroids to the 

30 vomeronasal organ of female subjects (180A) and to the 
olfactory epithelium (180C) . FIG. 180B is a graphic 
comparison of the effect of an Androstane on the VNO 
receptor potential of male and female subjects. 
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FIG. 181 is a graphic representation of the 
electrophysiological effect of the localized administration 
of particular steroids to the vomeronasal organ of male 
(182A) and female (182B) subjects. 
5 FIG. 182A through 182F depicts various autonomic 

responses of female subjects to an Androstane. A = receptor 
potential of the vomeronasal neuroepithelium; B = change in 
cortical alpha activity of an electroencephalogram (%) ; 
C = change in galvanic skin response (K-ohms) / D = change in 
10 peripheral arterial pulse (counts/min . ) ; E = change in skin 
temperature (degrees C); and, F = change in respiratory 
frequency (counts/min. ) . 

FIG. 183 depicts changes in receptor potential of 
the VNO after exposure of 5 females to two different 
15 Androstanes . 

FIG. 184 depicts sexual dimorphism in local and 
autonomic responses to the stimulation of the VNO with 
vomeropherins . Various vomeropherins (200 f moles) and the 
diluent control were administered to 30 male and 30 female 
20 subjects (ages 20 to 45) as described. Bars indicate the 
mean response of the population. _ - . . 

FIGS. 184A and 184B: EVG responses were measured as 
described in male (A) and female (B) subjects. 

FIGS. 184C and 784D: Electrodermal activity was 
25 measured as described. Changes (measured in xQ) in response 
due to delivery of vomeropherins to the VNO of each subject 
are shown in male (C) and female (D) subjects. 

FIGS. 184E and 184F: Alpha-cortical activity was 
measured as described. Changes in response due to delivery 
30 of vomeropherins to the VNO of male (E) and female (F) 
subjects . 

FIGS. 184G and 184H: Skin temperature (ST) was 
measured as described. Changes in response due to delivery 
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of vomeropherins to the VNO of each subject are shown in 
male (G) and female (H) subjects. 

The compounds in the graphs are : 
A = 1, 3, 5 (10) , 16-Estratetraen-3-yl acetate 
5 B = Androsta-4 , 16-dien-3 -one 

C = 1,3,5(10) ,16-Estratetraen-3-ol 

D * 3-Methoxy-Estra-l, 3 , 5 (10) , 16-tetraene 

E = Androsta-4 , 16-dien-3a-ol 

F = Androsta- 4 , 16-dien-3/3-ol 

10 FIG. 185 depicts electro-olf aerograms of male and 

female subjects induced by stimulation of the OE with 
olfactants and vomeropherins. FIG. 185A: 400 fmoles of the 
olfactants 1-carvone and cineole as well as 200 fmoles of 
the vomeropherins A, B, C, D and F; and the stereoisomer E 

15 were applied separately as one second pulses to the OE of 20 
subjects (both male and female) and each EOG response was 
recorded as described. The olfactants as well as E and B 
produced significant (p<0.01) local response. FIG. 
185B: 400 fmoles of the- olfactants 1-carvone and cineole do - 

20 not induce a significant EVG response when delivered to the 
VNO of male and female subjects. 

FIG. 186 depicts the electrophysiological effect of 
the following vomeropherins on the vomeronasal organ of 20 
female sub j ect s : 

25 G = Androst -4 -en- 3 -one 

H = Androsta-4 , 16 -diene-3 , 6 -dione 

J = 10, 17-Dimethylgona-4, 13 (17) -dien-3-one 

K = 1, 3, 5 (10) , 16-Estratetraen-3-ol-methyl ether 

L = 1 , 3 , 5 ( 10) , 16-Estratetraen-3 -yl -propionate 
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EVG = Electro-vomeronasogram 
GSR = Galvanic Skin Response 

= Electrodermal Activity, EDA 
ST = Skin Temperature 

FIG. 187 depicts the electrophysiological effect of 
vomeropherins on the vomeronasal organ of 20 male subjects. 

M = 1, 3 , 5 (10) -Estratrien-3-ol 

FIG. 188 depicts the steps of synthesis for Examples 
108 through 112. 

FIG. 189 illustrates the steps of synthesis for 
Examples 113 through 118. 

FIG. 190 illustrates the steps of synthesis for 
Examples 120 through 121. 

FIG. 191 illustrates the steps of synthesis 
described in Examples 123 through 124 . 

FIG. 192 illustrates the steps of synthesis for 
Examples 125 through 126. 

FIG. 193A shows the respiratory frequency -and EKG 
data in females for tests of androsta-5 , 16 -diene-30, 19-diol 
in the VNO. 

FIG. 193B shows the respiratory frequency and EKG 
data in females for tests of androsta-5, 16-diene-3/3, 19-diol 
in the VNO. 

FIG. 194A, 194B and 194C show the EVG, GSR, and ST 
data in women for four androstanes on the chart and 
androsta-5, 16-diene-30, 19-diol. 

FIG. 195A, 195B and 195C show the EVG, GSR and ST 
data in men for the five androstanes identified in FIG. 194 

FIG. 196A and 196B show the EEG data in men and 
women for androstane A4/N3. 
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FIGS. 197A and 197B show the EEG data in men and 
women for androstane A3/N3. 

FIGS. 198A and 198B show the EEG data in men and 
women for androstane A13/N1. 
5 FIGS. 199A and 199B show the EEG data in men and 

women for androst-5 , 16 -dien-3/3, 19-diol . 

FIGS. 200A and 200B show the EEG data in men and 
women for androstane A6/N3. 

FIGS. 201A and 201B are traces of EVGs in the VNO of 
10 a male subject, tested with two vomeropherins (FIG. 201A) , 
and electrograms from the nasal respiratory mucosa (FIG. 
2 0 IB) using the same vomeropherins. 

FIG. 202 shows the dose dependent effect of two 
vomeropherins in male subjects. 
15 FIG. 203 shows the central nervous system reflex 

response of two vomeropherins. 

FIG. 204 shows the difference in testosterone levels 
in a subject administered in one visit a placebo (B curve) 
to the VNO, and on a second visit (A curve) , the compound 
20 pregna-4 , 20 dien-3 , 6-dione . 

FIGs. 205, 206 and 207 show~ the data for the 
testosterone tests on three additional subjects given a 
placebo, in case B, and pregna -4 , 20 -dien-3 , 6-dione in case 
A. 

25 FIG. 208 and FIG. 209 show the amplitudes of 

steroids E2/NC2, E1/NC2, E2/NC3, E1/NC3, methylated E2/NC2, 
methylated E2/NC3 and E8/NC3 in Chart VI, in human male and 
female VNO's, respectively. 

FIG. 210 shows the results on eleven PMDD symptoms 

30 in women administered a placebo or estra-4 , 16-dien-10/8-ol-3- 
one . 

FIG. 211 shows the electromyogram results in women 
administered a placebo or estra-4, 16-dien-10j3-ol-3-one. 
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FIG. 212 shows the frequency of electrodermal 
activity events in women administered on placebo or estra- 
4, l6-dien-10)3-ol-3-one. 

FIG. 213 and 214 show the results of Hamilton-A 
5 anxiety tests for treatment to the VNO of anxious patients 
with androsta-4 , 16-dien-3j3-ol . 

FIG. 215 shows the results on effect on respiratory 
frequency and cardiac frequency for treatment to the VNO of 
anxious patients with androsta-4 , 16 -dien-3/?-ol . 
10 FIG. 216 shows the results on parasympathetic tone 

for treatment to the VNO of anxious patients with androsta- 
4, 16-dien-3j3-ol. 

FIG. 217 shows the results on electrodermal activity 
for treatment to the VNO of anxious patients with androsta- 
15 4, 16-dien-3/3-ol. 

FIG. 218 shows the results on change in body 
temperature for treatment to the VNO of anxious patients 
with androsta-4 , 16-dien-30-ol . 

FIG. 219 shows the results of EVG tests on women 
20 administered the compounds of Examples 133, 134 and 134A. 

FIG. 220 shows the results of alpha brainwave 
testing on women administered the compounds of Examples 133, 
134 and 134A. 

FIG. 221A is a summary of electrophysical effects 
25 due to stimulation of the VNO in male subjects by eight 
steroids having epoxy groups on ring D. 

FIG. 221B is a summary of electrophysical effects 
due to stimulation of the VNO in female subjects by eight 
steroids having epoxy groups on ring D. 

30 Detailed Description of the Invention 

I . Definitions 

An "affect" is a transient feeling state. Typical 
negative affects are feelings of nervousness, tenseness, 
shame, anxiousness, irritability, anger, rage and the like. 
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"Moods" are longer lasting feeling states such as guilt, 
sadness , hopelessness , worthlessness , remorsef ulness , 
misery, unhappiness and the like. "Character traits" are 
more permanent aspects of an individual's personality. 
5 Typical negative character traits are sensitivity, 

regretf ulness , blameworthiness , stubbornness , resent fulness , 
bitterness, timidness, laziness and the like. 

The vomeropherins according to the present invention 
may have use for stimulating, through contact with the VNO, 

10 of one or more of the hormonal, behavioral and autonomic 

functions of the hypothalamus. Due to the predominant role 
played by the hypothalamus- in a wide variety of internal 
body functions and the neural connection between the VNO and 
the hypothalamus, the vomeropherins according to the present 

15 invention are in a position to stimulate such functions as 
endocrine output control, for example, the control of the 
pituitary output of vasopressin and oxytocin as well as a 
number of other peptides. Vasopressin is an anti-diuretic 
hormone because of its action within the kidney to enhance 

20 water uptake and to concentrate the urine. In addition, it 
has an action within the body to regulate blood pressure 
through its action on arterial smooth muscle and an action 
on metabolism through its enhancement of glycogen conversion 
to glucose in the liver. Oxytocin, receptors of which are 

25 found on uterine smooth muscle and on mammary smooth muscle, 
can cause milk letdown via contraction of the mammary smooth 
muscle and cause uterine contractions during birth. The 
hypothalamus also controls release of hormones from the 
anterior pituitary gland such as ACTH, prolactin, LH 

30 (Luteinizing Hormone) , GH (Growth Hormone) , TSH (Thyroid 

Stimulating Hormone) , FSH (Follicle Stimulating Hormone) and 
beta-endorphin . Thus, for example, the ability to control 
LH secretion may lead to control of fertility, in females, 
■ or testosterone production in males. Testosterone 

35 production may be utilized for treatment of conditions such 
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as low libido in males or for treatment of muscle wasting 
diseases or conditions, such as aging. Testosterone 
reduction may be utilized for treatment of conditions such 
as prostate cancer. 
5 Control of behavior hypothalamic functions is also 

feasible by use of the vorneropherins according to the 
present invention. It is known that the hypothalamus 
controls such behavioral outputs as fear, rage, pleasure and 
circadian rhythms which regulate sleep and wakefulness. 

10 Other functions controlled by the hypothalamus include 

appetite, thirst, sympathetic functions such as, flight and 
fight, and functions such as cardiovascular control, 
thermoregulation and visceral functions such as control of 
the gut muscle and acid secretion for digestion. Thus, 

15 while there is a multitude of sensory inputs into the 
hypothalamus from various parts of the anatomy it is 
believed that the vorneropherins of the present invention 
provide, for the first time, a way of stimulating through 
the nasal cavity by inhalation to contact the epithelial 

20 cells in the VNO, a method of stimulating functions of the 

-hypothalamus discussed above. 

"Pregnane steroids" are aliphatic polycyclic 
hydrocarbons characterized by a four- ring steroidal 
structure with a methylation at the 10- and 13 -positions and 

25 ethylation (including unsaturated groups) at the 17- 

position. A pregnane is a subset of pregnanes commonly 
understood to mean that the compound has at least one double 
bond. Furthermore, all derivatives which have the 
structural characteristics described above are also referred 

30 to generically as pregnane steroids. 

A "cholane steroid" is an aliphatic polycyclic 
hydrocarbon characterized by a four- ring steroid structure, 
with methylation at the 10- and 13-positions and a 2-pentyl 
group (including unsaturated groups) at the 17-position. 
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A " chemoreceptcr " is a receptor molecule displayed 
on the surface of a " chemosensory M neuroepithelial cell 
which binds in a scerecspeci f ic fashion to a particular 
liaand or ligands. This specific binding initiates a signal 
transduction which initiates an afferent nerve impulse . 
Chemoreceptors are found, inter alia, in taste buds, 
olfactory epithelium and vomeronasal tissue. 

H Pregnane steroids", as the term is used herein, are 
aliphatic polycyclic hydrocarbons with a four-ring steroidal 
structure, at least one double bond in the A-ring, 
methylation at the 10-position and 13 -position, ethyiation 
(including unsaturated groups) at the 17 -position and an 
oxo, hydroxyl or hydroxy 1 derivative such as aikoxy, ester, 
benzoate, cypicnate, sulfate or glucuronide, at the 3- 
positior. . Derivatives which contain these structural 
characteristics are also referred to generically as pregnene 
steroids . 

The following structure shows the four-ring 
steroidal structure common to steroids. For illustrative 
purposes, a side chain on the D-ring is shown for pregnane. 
In describing, the location of groups and substituents^ the 
following numbering system will be employed: 
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"Sexually dimorphic" refers to a difference in the effect 
of, or response to, a pharmaceutical agent between males and 
females of the same species. 

An "effective, amount" of a drug is a range of 
5 quantity and/or concentration which brings about a desired 
physiological and/or psychological effect when administered 
to an individual in need of the drug. In the present case, 
a needy individual is one with a physiological or behavioral 
trait which is normally regulated by the hypothalamus and 

10 wherein it is desirable to affect the function of the 

hypothalamus or the trait. The effective amount of a given 
drug may vary depending upon the function to be affected, 
the desired effect, route of administration, and the like. 
For example, when the steroid is administered as a solution 

15 applied to the facial skin of a subject an effective 
concentration is from 1 microgram/ml to 100 /xg/ml, 
preferably 10 to 50 tig/ml and most preferably 20 to 3 0 
/xg/ml. When the steroid is introduced directly into the VNO 
an effective amount is about 1 picogram to about 1 nanogram, 

20 more preferably about 10 picograms to about 50 picograms . 

" " When the "steroid is administered to the nasal passage, by - _. 
ointment, cream or aerosol, or the like, an effective amount 
is about 100 pg to about 100 micrograms, preferably about 1 
ng to about 10 micrograms. It follows that some drugs may 

25 be effective when administered by some routes, but not 
effective when administered by other routes. 

The "hypothalamus" is the portion of the 
diencephalon comprising the ventral wall of the third 
ventricle below the hypothalamic sulcus and including 

30 structures forming the ventricle floor, including the optic 
chiasma, tuber cinereum, inf undibulum, and mammillary 
bodies. The hypothalamus regulates the autonomic nervous 
system and controls several physiological and behavioral 
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functions such as the so-called fight and flight responses, 
sexual motivation, water balance, sugar and fat metabolism, 
hunger, regulation of body temperature, endocrine 
secretions, and others. The hypothalamus is also the source 
5 of vasopressin which regulates blood pressure, and oxytocin 
which induces parturition and milk release. All 
hypothalamic functions are potentially modulatable by the 
vomeropherin therapy described herein. 

A "ligand" , as used herein, is a molecule which acts 

10 as a chemical signal by specifically binding to a receptor 
molecule displayed on the surface of a receptor cell, 
thereby initiating a signal transduction across the cell 
surface. Binding of ligands to chemosensory receptors can 
be measured. Chemosensory tissue, such as vomeronasal 

15 neuroepithelium or olfactory neuroepithelium, contains a 
multiplicity of neuroreceptors cells, each displaying at 
least one cell surface receptor. Many of the receptor 
molecules have identical ligand specificity. Therefore, 
when the tissue is exposed to a ligand for which it has 

20 specificity (for example a exposure of the VNO to a 

.vomeropherin). _a summated change in cell- surface- receptor - " 
potential can be measured. 

As used herein, "lower alkyl" means a braced or 
unbranched saturated hydrocarbon chain of 1 to 4 carbons, 

2 5 such as, for example, methyl, ethyl, n-propyl, i -butyl and 

the like. "Alkoxy" as used herein is used in its 
conventional sense to mean the group -OR wherein R is alkyl 
as herein defined. 

A "pheromone" is a substance that provides chemical 

3 0 means of communication between members of the same species 

through secretion and peripheral chemoreception . In mammals 
pheromones are usually detected by receptors in the 
vomeronasal organ of the nose. Commonly, pheromones effect 
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development, reproduction and related behaviors. A 
"vomeropherin" is a more general term which includes 
pheromones and describes a substance from any source which 
functions as a chemosensory messenger, binds to a specific 
5 vomeronasal neuroepithelial receptor, and induces a 

physiological or behavioral effect. The physiologic effect 
of a "vomeropherin" is mediated through the vomeronasal 
organ . 

A picogram (pg) is equal to .001 nanograms (ng) . A 
10 ng is equal to .001 micrograms (/ig) . A /ig is equal to .001 
mg. 

II . Modes for Carrying Out the Invention 
A. Steroids useful in the Invention 
The invention is directed to a group of certain 
15 steroids. 

Syntheses are described herein for the following 

compounds as designated on the chart: 

Chart 1 includes pregnanes to which the invention is 

directed, but do not limit its scope. The synthesis 
20 diagrams that follow depict intermediate and_ substructure^ 

syntheses for the preparation of these pregnanes: 
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rrin? to the preceding table, the following ira 
piery eyntheeee for lnter»e4ietee In a given row 
through A13) or eoluan (Pi through PI). 

nminwr»» iw»«»at ™* * 




10 



P.rcy L. mien. tdwta ». lelea C. Printy, 

J. Jltff- Che*. S09., H4t, TO, ), 

Al ee e eoe»ereielly available eubetnicture, for 
vuail; ite-etbyny^eeteeteroae. 
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This i« • com«rcUlly *vill4bU «ub«tructur«, for 
•x&spl*. d«hydro«pi*ndro«t«Ton«, pr«9»«noloM. 



A3: 



rib ■— -jti) 



, o.vl* a. wu,hh«d. a. or,. u... ~x. 5.. *>■ 

20, p. 
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X.x. labor*, Q* «mioh»HW«, and *. tanerasi. 
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AS: 




I. oory, 0. Ssabo and 9. opocsJcy, Act* Chi*, sun?., 
vol. ao, p. dts»). 

9 QmrmMn Fatsnt l,at7,«0J <lf«»>. 
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Xl«n M. Krubln«r # tforaan eottfrUd, &nd Butane P. 
oiiv«to, J. ory. e*«a., n«t, 21, 11/ ssoa. 
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vitdUlr Mtrov, Yu*-«ha ««Af , Um Uc*, Avwy 
s fluidbtrf . Mbuyvkl I*d«h*M, and lalth K«ndl«, J. 

4t««el4 llPCbM., 1MJ, It, 1491. 
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5t.vn t. scho* »d Trovor C. HcMorrl., SttoidM, 

Alto • eentrcUUy *v«ll4bio .ubotructuro, for 
s wttpli, l7«-*thynyldlhydrot«to«t»rono. 
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H 

Thia ia a coaaarclally available aubatructura, for 
•xaapla, praqnanolona, androatarena. 

Xiao: 

(Ml <"* 

Kofell, k lam and Kldwi, tbytochiiatrr, 
ltfi. vol. 10, p. 442. 
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See., !»••• loa ' a ' i07. 
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xj«y I. »«•• *"* *ynea«jl«, H70, p. 

S9S. 




St«v«a «chow «nd Tr«vor C. Kc*orrl«, *t«roid», 
vol. 10, »©. 3. p. Jit- 
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PI 8 




MOP'' 




Ronald Br ••low and Louis M. Kar««««, Tmtxmlxmdroa 
UttT*. 1917, no, 7, p. «23. 



s j. ehmm. Joe., Mrkin tru* I, iff J. (U)# »"•». 



Xloo • eoMWcUlly ovmilftbU wbotrueturo, for 
uupU, 3«-pro«n-l7(20)-«a JJ-ol (Stonlola*) i 
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This is * coaaarclally svsiitbls substructure, 
for •x*spi«. pr«*n*-9, l*-di»n-3*-ol (stsrsloids) . 

Whsn cosasreislly un*v«il*bls, synthesis 
S procssds ss bsiov: 

John ». Ousts siid vsrnsr tomta, J. 0*7 • 

IMS* IS, 7ti 
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P4: 



en. shopp««, Ruth I. lac*, *nd I.e. M«vB*n,, J. 
cfc«a. soc., i»«4# p. 



Al«o a co«MTcUlly *v»lUbl« substructure, for 
5 «x*apl«, 3a-pr«*n*n-3*-oi <St«*H©id«)t 
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Alan *. Xrublnar, Kenan Gottfried, tad 1uo;*m f . 
ollvato, J. org. ebmm., it«f« vol. J4, Wo. u, p. 
3302. 



5 Ml 




tuqtM F. Olivato, Corrln* O«rol4, u* LoU Johnson, 
j. Am. chmm, sec., itil, 73, 5071. 
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jull. soc. chlm. rriaci. lMl, u. 
pr«nch Mt«nt 1.SM.014, lt«t. 
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For «ub«tructur«« PI, P4, *«4 PS, ths normal 
conf louratlon at ths 17-posltlon la $. Hovsvsr, ths 
corresponding 17a analog aay alto ba prepared by 
3 using i7«-prsgnolono as the starting material. For 
examples 

x& ^ ^ 

Alan n. Krublnsr, Kormaa Gottfried, and Cugens ». 
olivet o, J. Org* Chum. , lift, Vol. 34, Mo. 11, p. 
jjoa. 
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Tha following ••thodoloqy anablaa * aathyl group 
to ba placad at tha 20-poaltlon vhanavar allovad by 
tha atrvctura, naaaly vith PI, P2, P3, P4 and PI* 




j. Bryan Jonaa and Kaith 0. Gordon* Can. J. Cha»., 

if 73, vol. 50, p. ana. 
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Certain nathyUtad pragnan lona pracuraora ara 
eoaaarclally wilUbH. via a, l«a<0) -aatnyl: 




in addition 17a -••tHyipraqnaiioion* la raadily 
tvailabUs Franch pataafe l,3fS,ltls 
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r 17 position* by u«lng th« oppr prUto 
aothylprognonoiono procuro r. 

9 olnothyl compounds, ouch tho doocrlbod it, n- 
dlB«thylpr«giu-4,U-dl«n-ao-yn-3-ono, say bo proporod 

by ono of throo gonoroi «othod»t 

Tho first sothod eombino* • MthyUtod procurer, 
,uch *• thooo in tho «, if, or 17 -poo mono, with 

10 .othedology which introduce • oothyi group, ouch »• 
in tho ao-pooition. 

Tbo oocond Mtfcod uiM ft diaothyUtod procurior, oucn 

tho comMrcUlly ralU»U «, i#« - 
dinotay lprognonoiond . 

is Tho oynthoooo o£ othor diaothyUtod prognonoiono 
procurer, h.v boon d.ooribo., o. U tho fiioving 
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syivootro JulU, Coiotto «wllU. Piorro iUon, 
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Elliot Shapiro, Thoedero L«*ttt, Lois w«e«r, Korl 
Stoinbori, *• w»tnick, H. liolor, N*rllyn Oilaoro 
Honnooo«y# C.T. Conialio, M. Ch*m*Y. lu«;ono P. 

miTirn y *** Phif . cftti . viii . s . m . 




s -jmretim, colin l. bo^U. «obort * v t**«iy 




t. Doqfeonati *• C*udry, J- 



. efeoa. soo. 
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w. j. Ad am, O.K. Patal. V. Patrow, r. A. Stuart- 

lfi nn mi n . V"- a « aw J - H,Q ' 

Tha third ■•thod starts with an unaathyUtad 
pracursor, auch as pragnanolono, »nd utllliaa 
3 aathodology which lntr©4ucoo two aathyl froupa, » 
tha following axaaplai 




Tho ao, aWUathyl pragnanaa ara alto known as 
J4 -norcholanod. a4-noroholanao aay altamatlvaly ba 
prooarod by degradation of a eholano praeuraor, In 
10 tho following axaa»lot 

mtafc* llraae, fadaahl »sajl Xahlgoo, and 

V^JZZZL ~ -ill, mi, 11'"- 
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0 s P*t«nt 3 10 t«*ch«« th« preparation of: 
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in «ddUion IT -■•thylprogn«nolono i« rodlly 




Thoroforo. coopound. .yntho.l.od fro. pr^nolo*. 
M y «U* b* prtporoa with «othyi «tou P « »t tho if. 
o* 17 position* by «»• «pprop*Uto 

■othylproononolono precursor. 
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gij jf THICTUW * SYNTHESES 

. ■ nr*cadina tabl«. the following art exemplary 

"IS & KSS« «" • - (*» »•»» A, 3, or 

column (CI through C7). 

r|/ ^TDi | /<= TI)Bg <gv^81S: TYPE A 




AH 




WEGNlNOLONt. STWMASTWOC CWWl^^ 



.67 - 




-68 - 



WO 98/03207 



PCT/US97/13035- 



A 111 



„jdo — xb 



(All) 




PhStOaH 



0 H R Barton, J. Boivin. 0. Crich, and C. H. Hill. J. Chem. Soc Perkin 
Tnns. I, 1986. p. 1 BOS. 



o^t? 



w OH 
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M fTflUCTURE ^VMTHgSES: TYPE C 




R>,P 




j p . sch^t M. Plraux. and J. P. P«#tt«. * <>* <*•*, 1975. Vol 4a 
No. U, p. 1586. 
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X — ' .TMS 



(UM U« 



(24-NORCn 



TBOMSO*^ 



TM3 

XjCO, 
Bite* 



. .„,.„ j.P. RoutMl. C. Wtru. J. A. Hoffmann, and B. Luu. 
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efn „ tllfM „ ith tne $id« chain shortened or lengthened by one carbon 
!SS « ?h* 24.potition may be prepared using analogous 
methodology 23.Methy.cho.anes are also ava.lable by similar 



means. Examples follow. 





244CTW. 

j. P. Schmit. M. Piraux. and J. F. Net* 1 Org. Otam, 1975. Vol 4a 
Mo. 11.P. 1S86. 



244CTMVL 



24-NOR 



«iS!13l.19«O.Vol2W).P.«* 
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0 H R. Barton, J. Boivin. 0. Crich. and C. H. Hill, J. Owm. Soc. Perkin 
Tnns.K 1986. p. 1805. 



A. Burger. F. Colobert. C. Hetru. and B. Luu. Tttnhedron, 1988. Vol. 

44, NO. 4, p. 1141. 

B. M. Treat It J. Kulawitc and A. Hanvma, Titnhrimn uttt* Vol 
34. NO. 4, p. 587. 



2+M0ft 



A. 8u„.r. *f. MIMA C Mil *• ">"«<™- »<* «• Luu - 
TtSSStin. 1989. V* «S, No. 1. 0, "5. 
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C. Synthetic Methods 

1. Preparation of 3-, 6-, 19-, 20- and 21- 
position derivatives. 

The compounds used in the methods of this invention 
5 are pregnane steroids substituted at the 3-, 6-, 19-, 20- 
and 21- positions. Many of the 3 -substituted steroids are 
known compounds which may be derived from 3 -oxo-steroids . 
As shown in Figure 1, prena-4, 20-diene-3-one {1) can be 
converted to a 3, 5, 20-triene ether (2) or 1, 4, 20-trien- 

10 3 -one (2), which are respective starting materials for 6- 
and 3- substituted hydroxy derivatives. . 

Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as trimethyloxonium f luoroborate , 

15 triethyloxonium fluoroborate or methylf luorosulf onate in an 
inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as NaH, KM or KOBut, 
silver oxide or barium oxide in polar, aphotic solvents as 
for example, DMF, DMSO and hexamethylphosphoramide . 

20 General procedures for synthetic reactions of 

steroids are. known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition of the 
required reagents, the mixture is stirred under an inert 

25 atmosphere and aliquots are removed at hourly intervals. 

The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated. If the starting material is not 
consumed within twenty-four hours, the mixture is heated to 

30 reflux and hourly aliquots are analyzed, as before, until 

the starting material disappears. In this case the mixture 
is allowed to cool before the work-up procedure is 
initiated. 
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Purification of the products is accomplished by 
means of chromatography and/or crystallization, as known to 
those skilled in the art. 

2. Preparation of 19-OH derivatives. 

5 Synthesis of 19-OH-precrna-4 , 17-diene- 3 -one . 

A method of synthesizing this compound is provided 
in SCHEME 3. 

In the following chart III, particularly preferred 
19-nor-pregnanes are shown. 
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Frank B Cdtcn. Leonard N. Nysted. Byron Riegd. and Albert L Raymond, X 
Am«r.O>em.Soc.. 19S7.ZS. 1123. 

Also a commercially available substructure, for example 1 7 o-€THYNYl« 
1 9-NORTESTOSTERONE. 





TW, is a commerdaly evaflaWo substructure, for eumplo ESTRONE, 
ETHYNYlfSTFAOOL 



•80 



WO 98/03207 PCI7US97/13035 - 



E3l 




-81 - 



WO 98/03207 PCT/US97/13035 - 




jOO o co 




- 82 - 



WO 98/03207 
OH 

XX 

,jOO -22! 

See Example. 



PCT/US97/13035 



OH 



-83- 



WO 98/03207 „ 

PCT/US97/13035 



jCO 

^oXX) ^jDO 

;vn*y» ttrw or E2) -El) 

0. 1. Fedorova. 0. S. Anisimova. and G. S. Grinenko. KNm. Prir. Soedui 1976 
2. 180. 

Frank B. Cdton, Lenoard N. Nystad. Byron Riegal. and Aibart L Raymond. JL 
Amar. Own. 5oc.. 1957, Z3. 1123. 

This it a esmmar daly avdabla subatructirt, for axampia EOjJIJN. 
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This a commerdally available substructure, for example EQULENIN. 



EJ_L 



XX) 



(613) (611) 



See Example. 
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4 



" " MaO 




0. 1. Fedorovt, 0. S. Amimovi. and 8. S. <3rin«nko, Khim. Prir. Soedin. . 1 976. 
£ 180. 



AhoSwExanpto. 
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4> 





Frank 8. Cotton, Leonard N. Nyited, Byron Riegei, and Albert L Raymond, J. 
Am*. Chem Soc . 1 9S7, 79 1 1 23. 



(Pa 



MJJOCS^^ HO 

Richards H. Pttvs, David f. Crow* MKchei A. Avery, Wesley PC H. Owng. 
andMaMloTanabe\ X Wed Own, 1989, 32. 1642. 
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El: 

^ 

H. Kaufmann, P. Wieiand, and J. <alvoda. He/v. Own. Acta. . 1972. 55(2). 
381. 





2*1 
V 



6 



1 



0. 1. Ftdorovm, 0. S. Arisimovs. and G. S. Grinanko. «*i Wr. So«*» .. 1976, 
L 180. 



-89 



WO <>8/03207 PCT/US97/13035 




MO 



Richard H. Peters. Oavid F. Crowe. Mitchdl A. Avefy. Wesley K. M. 0009, 
and Masato Tanabe. J. Med. Oiem.. 1989, 32. 1 642. 



4 




Peter (Caspar and Herbert Wltzei, JL Steroid Stocftem , 1 98S, Vd. 23, No. 3, 
p. 259. 
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KOH 

— ^ T i 





1 1/BjN 
3 <OH 




Richard H Peters. Oavid R. Crowe, MitcheM A. Avery, Wesley K. M. Chang, 
and Masato Tanabe, 7. Med. 0»am.. 1989. 22. 1642. 



Frank B. Cdton, U.S. Patent 2.840.S82. 19S8. 
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6L 



II 

i 




Pierre Crabble and Esperania Velarde, U.S. Patent 3.681.410. 1972. 

Peter (Caspar and Herbert Wind, J. Steroid. Biochtm .. i 985. Vd. 23. No. 3. 
P. 259. 
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4 




Pierr« Crabbla. U.S. Patent 3.492.318, 1970. 
Klaus Prezevwowsky and Ruddf Wtedwrt. U.S. Patent 3.682.983. 1 972. 
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19-Norpreo,nane* in tltis series may bt prepared with a methyl group 
,n the 60. 7a. 18. 20. or 21 positions. 



U.S. patent 3,681.410 teaches preparation of 6a-methy1 analogs. 

0 i 



U.S. Patent 1.682.983 teaches preparation of 18-mtthyi analogs. 
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U.S. Pattnt 
analogs. 



3.492.318 tudits- PW'rtion of 7a. 18. and 




21-mtthyl anal©? 





UCU(CH»)1 



M 
f 



M#0 



.OA* 



UAJHVMCIt 



•9S- 



WO 98/03207 

7 a . 18. 20, and 21 -methyl analog 



PCT/US97/13035 - 




Richard H. Peters. David F. Crewe MtchtH A. Averty, Wesley K. M. Chen* 

and Ma* «to Tanabe. J. Med Q>*m.. 1989. 32. 164?. 

In addition ctrtain methylated precursors are commercially available, 
for example 

r«4cnmisni0Ni norgcstul 

From thee*. 7a-m ethyl or 1e> methyl analogs may bo made of 
substance* wherein estrone or 1 7a-«thynyM 9-norttstosterone 
(norethindrone) ere the precursors, repectively. 
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MALQNOttPftECNANgS 
U.S. Patent 2.840.552 teaches the preparation of: 




U.S. Patent 3,681,410 teaches the preparation of. 





Richard H. Peters, OtvW F. Crowe, MKchel A. Avery. Wesley K. M. Chong, and 
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Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as trimethyloxonium f luoroborate , 
triethyloxonium fluoroborate or methylf luorosulf onate in an 
5 inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as alkyl halides, 
alkyl tosylates, alkyl mesylates and dialkylsulf ate may be 
used with a base such as NaH, KM or KOBut, silver oxide or 
barium oxide in polar, aphotic solvents as for example, DMF, 

10 DMSO and hexamethylphosphoramide . 

General procedures for synthetic. reactions of 
steroids are known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition of the 

15 required reagents, the mixture is stirred under an inert 
atmosphere and aliquots are removed at hourly intervals. 
The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated. If the starting material is not 

20 consumed within twenty- four hours, the mixture is heated to 
ref lux and hourly aliquots are analyzed, as- before, until 
the starting material disappears. In this case the mixture 
is allowed to cool before the work-up procedure is 
initiated. 

25 Purification of the products is accomplished by 

means of chromatography and/or crystallization, as known to 
those skilled in the art. 



- 98 - 



WO 98/03207 



PCT/US97/13035 • 



CHA1T £7. ESttAMU 



' w KNOWN 1 


2 

w KNOWN 


3 


4 

w KNOWN 


KNOWN 


KNOWN 


MO fcTkJAUJU 

KNOWN 


*** ,tf » r KNQMft 


nv 


™" KNOWN 




J? 5 






OP 

KNOWN 






9 KNOWN 


w 


fiS 6 




"0 it 

°KNOWN 


MO^k 
0 




o 


w 


w 




ItoO 


mn KNOWN 


ItoO 










WW 


















12 M «X5j' 









-99- 



WO 98/03207 



PCT/US97/13035 • 



SV3 STRUCTURE SYNTHESES 
Rafarring to tfta pracading tabla. tha following ara axaaplary 
synthases for intaraadiatas in a givan r w (El through E12) r 
column fNl through N4). 

TYB1 E 



El: 



12: 



.J* 



1. U/NH , 



MaO o^^^ 
(Matnyi «Mro( 82) (11) 



MaO 



1. U/NM | 

2. HCL 



HO 



,4Cb 



HO 



CosKrcially available au&atruetura , for axaapla, ESTMMC. 
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E3: 

H 




Jaaaa R. Bull and Jan Floor, J. Chaa. Soc. Parkin I, 1»77 (7), 
724. 

E4: 




coaaaxlcally availatola tubatructur • , for axaspla, 
6-0DIY0ROCSTItONt . 
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.00 



1. H- 




v. I. Mol'nifcov* *nd K. K. PivnitsJcii, Zhumal Oraani&kockol 
Khisnii, i»74, vol. 10, No. 3, pp. I0l4-i0i9). 



C6: 

0 




(AnUM of 62) (Aettst* of BB) 




Hldotoohi T*X»gl, Kon«ichi Keuuu, and icsuo yoohisavo, 
Storoid*, lt9l, vol. s«, p. 173. 
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£7: 

OH 

fib 




Micaal Maunay and Jaan Rigaudy, Bull. soo. Chian, I97f, 

HO. 11-12, 3021. 
El: 




X. J. San, ft. K. Blank, It. H. Evans, Jr., L. X. Fsldaan, and c. 
E. Holabund, J. Org. Chaa., 1M4, IX, 2391. 
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Commercially available substructure, as in EQUILZN. 



E10: 




Cessercialiy available substructure, as in EQUILZNXM. 
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Ell: 



HO 



MaO 




1. H* 

2. UAIH t 



1. H* 

2. UAIH 4 




A. N. CharJcaaov, A. M. Ponomarav, and K. K. Pivnitakii, Zhuxnal 
organiafcaakoi Khiaii, 197 i, vol. 7, No. 5, pp. 940-947. 



£12: 

HO 



.op 



OH 



OH 

(Matty tOm of E6) (M«hyl«h«QfE121 



1. NaflH, 
1 SOyPyridn g 

MeO 

OH 

Hidatoaht Takagi, Kan- lent Koaatau, and Itsuo Voahiaava, 
Staroids, 1991. Vol. it, p. 173. 
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Ml: 



u HHHX% 
| JL T»NHNH, U r^Ju L/\. 

O O O ,N " 



N NHTi 



HO MO MO 

N • NHTl 



K2: 



^•^^ HO „„' 



(N21 



MO » 



MO HO 



i. Robert K. Shapiro and carl Dj«r»««l, J. Ch««. Soc.. 

a. PtUr Lupe«. Pr»nc«« c. c»n*i». Ar»«nio tglMU*, Jotn c. 
r«rr«r. Alb«r* Pilour, «nd Ju«n-Julio Bon««, J. Org. Chum. 
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N3: 



HO HO 



HO HO 

1. GUnthar Orafahl, Kurt Ponold and Hana Schick, Barichta, 
1»CS, U, «04. 

2. ftlehard H. Patara, David F. Crova, Mitchall A. Avary, waalay 
K. M. Chen?, and Maaako Tanaba, J. Nad. Chaa., i*lf, 11, li42. 



H4: 



6 y. 



COLUOINC 



(M4| 



1. rrana sonhaiaar, o. Honeara. H. viquiia I 0. ftoaanttraju 
(1*53) J. Aa. cnaa. sac. 

2. VUliaa F. Jahna, J. Or*. Chaa. , 1M1, 2i* 4$aj. 
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nunvimrinti 




Harold J. Nicholas, J. org. Chaa. , I93i, ii, 1747. 




Richard H. Pa tars, Oavid F. Crova, Mitchall A. Avary, waalay K. 
M. Oion<j, and Maaako Tanaba, J. Had. Cftas. , 1919, 12, 1C42. 




(RACCMIC) 



MtO 

B. Oraan and T. J. Zaaian, Tatrahadron Lattars, 1912, 
Vol. 23, MO. 33, pp. 3<ll~3fl4. 

Synthaaiaabla coapounda tftarafora includa thaaa, togathar with 
thoaa darlvad frra thaa; i.a., l7*Mathyl*Ml, 170-Matbyl-M2 , or 
14a-Mothyl*M4, incoatoination with El, U, C3, £9, U, tl, El, 
£11 or E12. 
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<3«oroa A. Boawall in patant C.A. 70:58140a;, following. 



HO 




M«0 



G. Michaal Blackburn, Brian P. Taylor, and Andraw r. Horrall, 
Journal of Labaliad coapounda and Kadiopharaacauticala , xfl«. 
vol. mix, »o. 2, p. it*. 

synthaaiaabla eoapounda tharafora includa thaaa. teaathar with 
cnoaa darivad fro. thaa; i.a.. 17-Fluoro-Hl in combination with 
El, n. 13, 15, M. W. Ml or E12. zn addition, 17-Iodo-Ml in 
combination with t2. U or E1J. 
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Br 



HO 



European Patent Application EP 208,497. 

Syr.thesizable compounds therefore include these, 
together with these derived from therr ; ; i.e. , (4-Chioro, 4- 
3romo, 6a-Chloro. Se*-3romo, 63 -Chi ore , o2-3rcmo, or 6.3- 
5 lode; -Al in combination with Ml , N2 , N*3, or N4 . In 

addition, il7-?luoro, I7-Chloro, 17-3romc, or 17-Iodc)-Nl in 
combination with Al, A2 , A3, A4 , A5 , AS , A3, A9, AID or All. 

1 . Preparation of 3-. 5-, 6-. 15- an d 19- position 
derivatives . 

10 The compounds used in the methods of this are 

Androstane steroids substituted at the 3-, 5-, 6-, 18- and 
19- positions. Many of the 3- and 5 -substituted -steroids _ 
are known compounds which may be derived from 17 -hydroxy -and 
17-oxo-steroids (commercially available e.g. from Aldrich 

15 Chemical Co.) by elimination or reduction to the £16 

homologue. The syntheses of most of these compounds are 
described by Ohloff ( supra ) . As shown in FIG . 1, 170- 
hydroxy- 5a-Androstan- 3 -one (I) and methyl chlorof ormate (a) 
in pyridine gives the methyl carbonate, 170- 

20 methoxycarbonyloxy-5or-Androstan-3-one (II) which provides a 
starting material for the 5a-Androst - 16 -en- ( 3 -one and 3-ol) 
(Ohloff, supra at pg. 200). 
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Alkoxy derivatives are prepared from their 
corresponding hydroxy steroids by reaction with an 
alkylating agent such as trimethyloxonium f luoroborate , 
triethyloxonium fluoroborate or methylf luorosulf onate in an 
5 inert chlorocarbon solvent such as methylene chloride. 
Alternatively, alkylating agents such as alkyl halides, 
alkyl tosylates, alkyl mesylates and dialkylsulf ate may be 
used with a base such as NaH, KM or KOBut, silver oxide or 
barium oxide in polar, aphotic solvents as for example, DMF, 

10 DMSO and hexamethylphosphoramide . 

General procedures for synthetic- reactions of 
steroids are known to those skilled in art. Where time and 
temperature of reactions must be determined, these can be 
determined by a routine methodology. After addition of the 

15 required reagents, the mixture is stirred under an inert 
atmosphere and aliquots are removed at hourly intervals. 
The aliquots are analyzed by chromatography to monitor the 
disappearance of starting material, at which point the work- 
up procedure is initiated. If the starting material is not 

20. consumed within twenty- four hours, the mixture is heated to 
reflux and hourly aliquots are analyzed, as before, until 
the starting material disappears. In this case the mixture 
is allowed to cool before the work-up procedure is 
initiated. 

25 Purification of the products is accomplished by 

means of chromatography and/or crystallization, as known to 
those skilled in the art. 

2 . Preparation of 19-OH derivatives. Synthesis of 
1 9 - OH -Andros ta-4,16-diene-3- one . 
3 0 This compound has been disclosed as an intermediate 

in the synthesis of 19-oxo-3 -aza-A-homo-5B-androstane 



WO 98/03207 PCT/US97/13035 



(Habermehl, et al . , Z. Naturforsch. (1970) 25b: 191-195) . 
method of synthesizing this compound is provided. 
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MOVCT. AMDRO STAKES 

1 7 -HETHYLENEANDROST-4 - EN- 3 a -OL (A4/H3) 
17-KCTHYLENEAHDROST-4-EW-35-01 (A3/N3) 
65-KYDROXYAHDROSTA-4 , 16-OIEH-3-OME (A13/N1) 
5 6d-KYDROXY- 17-KETHYL- II -MORANDROSTA-4 ,13(17)- 

DI EH- 3 -ONE (A13/N4) 

AHDROSTA-S, 16-OXEN-3fl, 19-OIOL ( 19-KYDROXY 
OERZVATIVZ OF A3 /HI) 

17-KZTHYLTNZAKBROST-4-ENI-3 , 4-DIOHI (A4/N3) 
10 17 -HTTHYL- II "NORANDROSTA-4 , 13 (17) -0XEH-3O-OL 

(A4/M4) 

17-KTTHYL-il-M0RAJ*t)ROSTA-4 < 13 ( 17) -OI»-3fl-OL 
(A3/M4) 

17fl-KTTHYIJOroRCST-4-EHl-3 , 6-OIOKZ(17fl NTTHYL 
IS d«riv»tiv« of A4/M3) 

3-ICTTHOXY-17-KITHYtJCKXAJ*OROSTA-3, 5-OIBfl (AI/M3) 

6fl-HYnRO«-17-KETHYLZ)«AKI)ROrr-4-eX-3-CHl 

(A13/H3) 

17-«THYL£1C1AKDR0STA-1, 4-DIEK-3-OKX (A11/N3) 
20 65-HYt»ROXYAJfDRO$TA-l r 4, l«-TlUEai-3-OHl («fl- 

HYDROXY 4«*iv»tlvo of All/ Ml) 

6a-KYOWXY-17-IOTHYLZHXAJCOROSTA-l,4-OItH-3-OKl 
(<tf- HYDROXY derivative of A11/M3) 
175-WTKYlAlftlROST-4-DI-3a-OL ( 170-KZTHYL 
25 dATivatlV* Of A4/N2) 

l7tf-WTlTlJUroROST-4-lJI-3tf-OL ( 17tf-lttTHYL 
dftTlVStlY* Of A3/M3) 

3HOI»OXY-17-«rrHYL-ll-l»OIUUroiOrtA-3,3,l3(17)- 
1UOI (At/114) 
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c » ; r = - r u c t u r e S v r. t h e s i s 
R^ferrina to the preceding CHART V, the following 
are exerr.piary syntheses for intermediates in a given rcw A: 
throuah All* or column !N1 through N4 < . 



HO 



{At) 



MO 



X2: 



5 This is a commercially available substructure, for 

example, DEHYDRO EPI ANDROSTERONE . 
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a: 



-tc 



O do MO xb 

(A1) (A3) 

Mishio Maeiui *nd 5*vid K. PuJcuahia*. J. 
1970. Vol. 35. Ho. 3. p. S«l-S<4) . 



S A4 : 



HO 



J^J^ U|CNCH l )CH < 0<,g < aH jClO 



Ohioff. C. «e *1 * eg » (1913) ii 

192-217) . 
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f^T> CHLORANIL 

JJ^J ► 

(A1) 




. fl^ CHLORANIL 

STUB. Off • 2.631.915. 


(AS) 


A6: 

1 




HO 


0 


(ATS 


(A6) 
0 


j. R4m«r. H. w«gn«r. *nd W. Sihada. 
Sl/5-4. p. 577-SilJ. 


searoids. 1988. 
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AT . 



CH,OH 




(Aetata of A2) 


CH,OH 
(AT) 


AcO 


(1910) HI: 


191-195) . 
M«0 




1*1) 


(At) 



-SIX Cxaapl« i*— 
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A3: 



j^J^ 0lOL0ft00CYAH06EN200uiN0N€ t J^I^ 
(A1) (Al) 



Shlofifi. G. «C *1. HtlY, ;&im. ACt> <1»«3> tf: 

192-217) . 



S A10: 



aw : 



-SSt. j£> 

(AI) (A10) 

v. I. M«l'nikovm and JC. K. Pivnitskii, Zhuznal 
OrganiekMkoi Kbitaii, 1S7J. Vol. I, Mo. 1, 

pp. €1*74) . 
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3 NNKTt 



H<D "° * 



HO 



S2 



HO 



MO 



< o6 b ' 

HO HO 
8 l Robarc M. Shapiro and Carl Ojaraaai, J. Cham. 
Soc, 19C4, 11 2t23. 

2 Pilar Lupcn. franca* C. Caaala. Araanio talaaxaa. 
Joan C ^.rrir. AlbMt Palcaar. and Juaa-Julio ionac. 
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S3 



HO HO 



4A* 



HO *0 

1. 3£r.t*tr Srtfahl. Kurt Ponold tnd Hans Schick, 
Btricnct 19«5. 21, €04. 

S 2. Richard K. Ptttrs. David r. Crw». Mitchtll A. 
Avtry, w«sl«y K. M. Chong, and Ma*4Jco Iamb*. J. Mad. 
Cham., 1919, ii, 1142. 



S4 



6 r . 



10 1. rrani Scndtoaxnar. 0. Mancara. «. Crquiia a 0. 
ftoaanjtra&s, J. Art- Cfaaa Sec. ItSS. 22. 

2. wiiiiaa r. Jah&a. J. Org. Cha«.. ltd. 21. 
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a;:r,:a 



3arr.ar. 



2.621. ?15 teacr.as ?rep*rt::cn cf 




with a -.acr.yl grcup ac anyona of tha fallowing 
5 poaincns: la. 2a, 4, 6a, 6S, 7a, and IS. 



Danial I art in and Luc Ian Hadalac, Mtaoiraa Priaancaa 
10 a la Sociitft Chioiqua. If 14, No* 345, p. 2140. 

Synttoaaixabla compound* charafora includa thaaa, 
toga char with cboaa darivad froa tfcM; i.a.. Hi with 
aacfayl ac la, 2a* 4, 4a, 45, 7a, 14 or 17 comb mad 
with Al, A3* A4, AS, Afi, A*, A10 or All, 69 wall aa 
15 A2 or A4 with a 17-aathyl. 




6-METlHYUkN0AOSTAU.S*0IEN*3-ONE 



Saman Off. 2,428,679. 



Symhaaia of tfia 1 74I6TWYIANDWOSTENES: 
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d£ 



U.S. Ptt«nt 3,413,321. 



f& ^ S3p 

,Op ,x$> 

dp dp 

/&> 

a a a 

d? d? 



S G«rB&n Off. 2,«31.tlS. 
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CHART VI 



><5 i 


1 

2 


9-NOHCHOLANCS 

3 


4 


s ' 

,k>J *ML 
















^i^sJ NOVEL 


^ JsJk-J NOVEL 


.JUU NOVEL 


• j 

novel 


-AA^ NOVlL 


m <*s***S NOVEL 


ir*^^ NOVEL 




Npvtl 








f ^^^^^ 




NOVtL 




•^T NOVtL 




«^>^ novel. 






NOVEL 


t^J-J NOVIL 








m^'***?*mS NOVIL 


.JCCj mml 

- — NOVEL 


n JUL> novo. 


.JL+J novel 






m m^*mt* NDVtL 


• Jl 




^'V^.^ NOVEL 


ir*** — 522: 














'•-oft 




L **^Hl NOVEL 


m ^X NOVEL 








L NOVO 






^XJ»J MOV1 


EL ^JOO^NCM 




L jo5*d 
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SUBSTRUCTURE SYNTHESES: TYPE E 



1 : 



M*0 



HO 



(EB) 



(El) 



**0 




MO 




See Example. 



This is a commercially available substructure, for example ESTRONE. 
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E3: 



M 

..CO jsss - ».co 

0 (ED <63) 
Pierre Crabbe, U.S. Patent 3.492,318, 1970. 




This 



MO' 

is a commercially available substructure, for example 6-DEHYDROESTRONE. 



0 jOO 0 O0 

(£13) (B) 

V. I. Melnikova and K. K. Plvnitskii, Z/iorna/ Organicheskoi Khimii. Vol. 10. No. 5. 
p.* 1014, 1974. 
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Hidetoshi Takagi, Ken-ichi Komatsu, and Hsuo Yoshizawa, Steroids, 1991. i& 
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£10.: 




This is a commercially available substructure, for example EQUILENIN. 



en: 

0 £O — jOO 

(E13) (E11) 

A. N. Cherkasov, A. M. Ponomarev, and K. K. Pivnitskii, Zhurnal Organicheska 
Khimii, Vol. 7, No. 5. p. 940. 1 971 . 
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SUBSTRUCTURE SYNTHESES: TYPE NC 




Gerard A. Potter, S. Elaine Barrie. Michael Jarman, and Martin G. Rowlands. J. 
Med.Chem., 1995, 3J&, 2463. 

NC2: 

v 




Richard H. Peters. OavW F. Crowe, Mitchell A. Avery, Wesley K. M. Chong, and 
Masate Tanabe. J. Med Chem. 1989. 22, 1642. 
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NC3: 




Richard H. Peters, David F. Crowe, Mitchell A. Avery, Wesley K. M. Chong, and 
Masate Tanabe. J. M*d. Chem., 1989, 22, 16*2. 




Gerard A. Potter, S. Elaine Barrie, Michael Jarman, and Martin G. Rowlands, J. 
Med Chem., 1995. M, 2463. 
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Pierre Crabbe, U.S. Patent 3.492,318, 1970. 
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uCTMYLNQRCHOLANES 

19-Norcholanes in this series may be prepared with a methyl group in the 1 or 
7a positions. 

Precursor of 1 -Methyl analogs may be prepared as follows: 



1 NjM* 

2. Ij/BjN 





Start.ng material prepared according to Carl Ojerassr G. Rosenkanz. J. iriarte. 
j Berlin, and J. Romo. J. Amer. Chem. Soc . 1951, Zl 1 523. 

7a-Methyl analogs may be prepared from commercially available 7«- 
methylestrone. 



HO 
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D. Methods of Use . 

The methods of the invention are accomplished by- 
means of the non-systemic, nasal administration of certain 
steroids, combinations of steroids. 
5 This particular mode of administration is 

distinguished from alternative modes, such as ingestion or 
injection, in several important ways, these by virtue of the 
direct contact with the VNO provided by the nasal 
administration of the steroid ligand. In the methods of 

10 this invention, the appropriate ligand is administered 

directly to the chemoreceptors in the najsal passage and the 
vomeronasal organ, without pills or needles - i.e., non- 
invasively. Drug action. is mediated through binding of the 
ligands, described herein, to specific receptors displayed 

15 by neuroepithelial cells in the nose, preferably in the VNO. 
This furthermore, the mode of drug action is through the 
nervous system and not through the circulatory system - thus 
brain function can be affected without consideration of the 
blood-brain barrier. These methods of treatment provide a 

2 0 direct means of affecting the hypothalamus through the 

nervous system because there is only one synaptic junction 
between pheromone receptors and the hypothalamus. Because 
sensory nerves are addressed to a specific location in the 
brain, this method has a highly specific drug effect, 
25 thereby greatly reducing the potential of undesirable side- 
effects. 

VNO contact is important because the VNO is 
associated with chemoreceptive/pheromonal function. The VNO 
consists of a pair of blind tubular diverticula which are 

3 0 found at the inferior margin of the nasal septum. The VNO 

contains neuro-epithelia, the axons of which have direct 
synapses to the amygdala and from there,- to the 
hypothalamus. The existence of the VNO has been well 
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documented in most terrestrial vertebrates including the 
human fetus; however, in adult humans it is generally 
thought to be rudimentary. (See Johnson, et al . . supra . ) 
The ligand substances described herein, or their 
5 sulfated, cypionated, benzoated, propionated, or 

glucuronated derivatives, may be administered directly, but 
are preferably administered as compositions. They are 
prepared in a liquid dosage form such as, for example, 
liquids, suspensions or the like, preferably in unit dosage 

10 forms suitable for single administration of precise dosages. 
Liquid dosages may be administered as nose drops or as an 
aerosol. Alternatively, the active compound can be prepared 
as a creme or an ointment composition and applied topically 
within the nasal cavity. In addition, a vomeropherin may be 

15 administered as vapor contained in an air puff delivered to 
the nasal cavity. As another alternative, delivery may 
occur by controlled release of these agents by encapsulation 
either in bulk or at a microscopic level using synthetic 
polymers, such as silicone, and natural polymers such as 

20 gelatin and cellulose. The release rate can be controlled 
by proper choice. of the polymeric system used to control the 
diffusion rate (Langer, R.S. and Peppas, N.A., Biomaterials 
2,201, 1981) . Natural polymers, such as gelatin and 
cellulose slowly dissolve in a matter of minutes to hours 

25 while silicone remains intact for a period of months. The 
compositions will include a conventional pharmaceutical 
carrier or excipient, one or more of the active compound (s) . 
In addition, the compositions may include other medicinal 
agents, pharmaceutical agents, carriers, adjuvants, etc. 

30 The most likely means of communication of a 

semichemical ligand is the inhalation of a naturally 
occurring pheromone present on the skin of another. Since 
these compounds are relatively nonvolatile, it is estimated 
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that, even during intimate contact, a human subject would 
inhale picogram amounts of a naturally occurring steroid 
from the skin of another. From the amount inhaled it is 
estimated that only about 1% would reach the receptors of 
5 the vomeronasal organ. 

The amount of vomeropherin administered will of 
course, be dependent on the subject being treated, the 
severity of the affliction, the manner of administration, 
the frequency of administration, and the judgment of the 

10 prescribing physician. However, a single dosage of at least 
about 10 picograms, delivered directly into the lumen of the 
vomeronasal organ, is effective in eliciting a transient 
autonomic response. When administered to the nasal cavity, 
the dosage is about 100 picograms to about 100 micrograms, 

15 preferably about 1 nanogram to about 10 micrograms, more 
preferably about 10 nanograms to 1 about microgram. The 
frequency of administration is desirably in the range of an 
hourly dose to a monthly dose, preferably from 8 times /day 
to once every other day, more preferably 1 to 3 times per 

20 day. Ointments containing one or more active compounds and 
"optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, ethanol, 
and the like, can be prepared using a base such as, for 
example, petroleum jelly, lard, or lanolin. 

25 Liquified pharmaceutical ly administrable 

compositions can, for example, be prepared by dissolving, 
dispersing, etc. an active compound as defined above and 
optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, ethanol, 

30 and the like, to thereby form a solution or suspension. If 
desired, the pharmaceutical composition to be administered 
may also contain minor amounts of nontoxic auxiliary 
substances such as wetting or emulsifying agents, pH 
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buffering agents and the like, for example, sodium acetate, 
sorbitan monolaurate, triethanolamine sodium acetate, 
triethanolamine oleate, etc. Actual methods of preparing 
such dosage forms are known, or will be apparent, to those 
skilled in this art; for example, see Remington 9 s 
Pharmaceutical Sciences . Mack Publishing Co., Easton, PA, 
15th Ed., 1975. The composition or formulation to be 
administered will, in any event, contain a quantity of one 
or more of the active compound (s) in an amount effective to 
alleviate the symptoms of the subject being treated. 

For aerosol administration, the active ingredient is 
preferably supplied in finely divided form along with a 
surfactant and a propellant. Typical percentages of active 
ingredients are 0.001 to 2% by weight, preferably 0.004 to 
0.10%. 

Surfactants must, of course, be nontoxic, and 
preferably soluble in the propellant. Representative of 
such agents are the esters or partial esters of fatty acids 
containing from 6 to 22 carbon atoms, such as caproic, 
octanoic, lauric, palmitic, stearic, linoleic, eleostearic 
and .oleic acids with an aliphatic polyhydric alcohol or its 
cyclic anhydride such as, for example, ethylene glycol, 
glycerol, erythritol, arabitol, mannitol, sorbitol, and 
hexitol anhydrides derived from sorbitol (the sorbitan 
esters sold under the trademark "Spans") and the 
polyoxyethylene and polyoxypropylene derivatives of these 
esters. Mixed esters, such as mixed or natural glycerides, 
may be employed. The preferred surface-active agents are 
the oleates orbita, e.g., those sold under the trademarks 
"Arlacel C" (sorbitan sesquioleate) , "Span 80" (sorbitan 
monoleate) and "Span 85" (sorbitan trioleate) . The 
surfactant may constitute 0.1=20% by weight of the 
composition, preferably 0.25-5%. 
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The balance of the composition is ordinarily 
propellant. Liquefied propellants are typically gases at 
ambient conditions, and are condensed under pressure. Among 
suitable liquefied propellants are the lower alkanes 
5 containing up to five carbons, such as butane and propane; 
fluorinated or f luorochlorinated alkanes, such as are sold 
under the trademark "Freon" . Mixtures of the above may also 
be employed. 

In producing the aerosol, a container equipped with 
10 a suitable valve is filled with the appropriate propellant, 
containing the finely divided active ingredient and 
surfactant . The ingredients are thus maintained at an 
elevated pressure until released by action of the valve. 
Yet another means of administration is topical 
15 application of a volatile liquid composition to the skin, 
preferably facial skin, of an individual. The composition 
will usually contain an alcohol such as ethanol or 
isopropanol. A pleasant odorant may also be included in the 
composition . 

20 E . - Ant i fertility Activity . 

The steroid 19-norpregna-l, 3 , 5 (10) -trien-3-oi 
(compound E2/P4 in the 19-norpregnane chart) was tested in 
the VNO of female rats. The EVG and vomeronasal nerve (VNn) 
discharge frequency are shown in FIGS. 97 and 98, 

25 respectively. This data shows stimulation of the VNO. The 
steroid E2/P4 was shown to have postcoital ant if ert ility 
activity when administered orally to female rats while 
having low hormonal activity (measured by estrogen-receptor 
binding). (Peters, et al., J. Med. Chem., 1989, 32, 1642- 

30 52.) The data in FIGS. 97 and 98 suggest that this 

antif ertility activity is explainable because E2/P4 is not a 
hormone, but acts as a vomeropherin through stimulation of 
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the VNO, which in turn affects the hypothalamus. Consistent 
with the rat model data, the compound E2/P4 also shows VNO 
stimulation in women (see FIG. 118) , and to a lesser extent, 
in men (see FIG. 140) , and thus it is expected that the 
5 vomeropherins have antif ertility activity in humans. 

Stimulation of the hypothalamus via the VNO allows 
one to suppress release of LH and FSH. This can provide a 
clinical method for treatment of prostatic cancer, 
precocious puberty (in males and females) , endometriosis, 
10 uterine leiomyoma, breast cancer, premenstrual syndrome and 
disfunctional uterine bleeding. 

F. Measuring Affect, Mood and Character Trait . 
Feeling states associated with affects, moods and 
character traits are generally measured by use of a 

15 questionnaire. For example questionnaires comprising a 

number of adjectives which refer to feeling states may be 
administered to an individual . The individual evaluates his 
or her feeling state described by the adjective and rates 
the intensity of the feeling on a numerical scale. 

20 Clustering of related adjectives and statistical .analysis of 
a subject's evaluation of each adjective provides a basis 
for the measurement of various feeling states. 

Alternatively, feeling states may be measured by 
autonomic changes, such as those used in polygraphic 

25 evaluations (galvanic skin response, pulse rate and the 
like) . Cabanac, M. Annual Review of Physiology (1975) 
37:415; Hardy, J.D., "Body Temperature Regulation", Chapter 
59, pp. 1417. In: Medical Physiology. Vol. II Ed.: VB 
Mountcastle (1980) ; Wolfram Bouscein. Electrodermal 

30 Activity (Plenum Press 1992) . In addition, non-verbal cues 
such as facial expression and body posture may be evaluated. 
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Treatment of Premenstrual Syndrome 

Patients entered in the study (women 20-45 years 

old) participated in a recording session that takes place 

the day when PMDD symptoms are at the highest level (day 24 
5 to 28 of the menstrual calendar) . The entire procedure 

lasted approximately one hour in a quiet room with the 

subject laying supine. 

The active ingredient used in the study was 16a, 17a- 

epoxyestra-1, 3, 5 (10) -trien-3-ol. The opening of the 
10 vomeronasal organ to the nose is identified at both sides of 

the nasal septum and a nasal probe (vomeronasal applicator) 

is positioned in one nostnl witb its output orifice pointing 

toward the VNO opening. One pulse of active substance, or 

placebo was delivered to the VNO. Following, the same 
15 procedure was repeated in the other nostril. The bilateral 

puffing of the vomeronasal organ was repeated 3 0 minutes 

after the first application. 

The activation of the device delivers pulses of 200 

fj.1, lasting 1 second. The quantity of active substance 
20 delivered in a pulse is 100 pg. The total quantity of 

active substance delivered to a patient's VNOs during the 

entire session is 400 pg (Table II) . 
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Table 



n . Experimental protocol for random!** VNO stimulation. 
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Candidates were tested while they had clear PMDD 
symptomatology. This usually happens during day 24 to 28 of 
their menstrual calendar. The psychometric test (Table III) 
was presented ten minutes before, and thirty minutes after 
5 bilateral VNO stimulation with either the test substance or 
placebo (also, see Table II) . After completion of the 
30 -minutes questionnaire, both VNOs were again stimulated 
with the same substance (vomeropherin, or placebo) , and the 
patient was given again a similar psychometric test, to 
10 answer at home 5 hours after leaving the recording 

laboratory. Interviews of the patients .the day after the 
study session indicated mood changes, feelings, and how she 
was perceived by other people, after the second puffing to 
the VNO. 

15 Autonomic Reflexes and EEG 

Several peripheral electrode leads attached to the 
patient's skin were used to study autonomic function and 
electroencephalogram (EEG) . Recordings are produced 15 
minutes before, and 30 minutes after stimulation of the VNO. 

20 Electrodermal -activity (EDA) , was recorded using two silver 
dectrode disks placed in the palmar skin of the major and 
annular finger (right hand) . Electrocardiogram (ECG) was 
monitored from lead I (standard frontal-plane I) . 
Respiratory frequency (RF) was recorded using a strain gauge 

25 placed around the lower thorax. The sinus respiratory 

physiological arrythmia was obtained from the correlation of 
RF and the ECG frequency. To assess changes in 
parasympathetic tone. Body temperature (BT) was taken from 
the external ear canal using a mini thermistor probe. A 

30 bipolar electromyographic recording (EMG) was accomplished 
with two electrodes placed in the chin. 

Electroencephalogram is recorded from CzAl and T3A1 of the 
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standard 10/20 system. All signals were amplified and 
digitized (Biopac Systems) , and continuously monitored and 
stored using a computer (Macintosh LC-III) . The autonomic 
function and EEG are recorded during the screening session 
5 and again in both double blind sessions, after VNO 
stimulation (see Table II) . 

Mood changes are evaluated in a scale from zero to 
four, using questionnaires. Autonomic function recorded 
before, and 30 minutes after the administration of placebo 
10 or test substance to the VNO, was processed using 

"aqknowledge" software (Biopac Systems) The significance 
of the results was assessed using t- tests and analysis of 
variance . 

Fourteen patients diagnosed with PMDD were screened. 

15 Two patients responded to the placebo and were dropped from 
the study. Six of the patients received the steroid in 
their VNOs, and the other six received placebo. A summary 
of the results is shown in Table III. 

The patient were asked to score a list of eleven 

20 PMDD symptoms before, and 30 minutes after stimulation of 
- - the-VNO- with the steroid (total- dose=2.00 pg). , or placebo. 

Bilateral stimulation of the VNO with placebo did not change 
significantly the magnitude of the symptoms, from control 
level (FIG. 210, shaded bars) . However, 30 minutes after 

25 bilateral stimulation of the VNO with the steroid (total 

dose-200 pg) , there was significant reduction of most PMDD 
symptoms (p=or<0.03). For some symptoms like "I feel like 
throwing things", and "I am angry", the improvement was 
significant at p=0.01. The score for other symptoms like 

30 "My mind feels cloudy", and "I feel the world would be 

better without me", was not different from control after 
administration of the steroid (p>0.05). 
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The analysis of autonomic function 30 minutes after 
stimulation of the VNO with the steroid shows changes of 
some reflexes, that correlatate with the mood improvement of 
the patient. The activity of skeletal muscles measured 
5 through the electromyograrn (EMG) , decreases thirty minutes 
after delivery of the steroid to the VNO, but not after 
administration of placebo (FIG. 211) . Also, the frequency 
of electrodermal activity events, decreases after 
administration of the vomeropherin , but not after placebo 

10 {FIG. 212) . Other autonomic reflexes do not show 

significant change. The electroencephalpgraphic pattern 
does not change substantially from baseline, after 
administration of the steroid to the VNO. However, in four 
patients treated with the vomeropherin, there was increase 

15 in alpha cortical activity. 

The score of PMDD symptoms was also studied five 
hours after the second application of vomeropherin to the 
VNO. At this time there was no significant difference with 
control. However, during the telephone interview done 

20 during the morning after the recording session, the patients 
referred feeling better after leaving the recording 
laboratory, and that this effect lasted from one to two 
hours . 

Small quantities of the steroid (200 pg) delivered 
25 in vapor form to the VNO of patients suffering from PMDD, 

produced significant improvement. As shown in FIG. 210, the 
majority of the symptoms are decreased a-fter 3 0 minutes of 
administration of the substance. This effect is not seen 
after administration of placebo to the VNO. Symptoms 
30 reduction is accompanied by relaxation, measured by decrease 
of the EMG and decrease of EDA frequency. Finally, the 
patients improvement is substantiated by verbal reports 
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(telephone interview), obtained the morning after the 
recording session. 

Table ED. Summary of effects of vomeropherin in PMDD patients. n«12 

Svmetom hWW* 

iMliksrunaiAiaway 
I fed Uke throwing things 
1 im &ngry 
I fed iwoilen up 
Mybrcastahwt 
1 Milk* crying 
I f«l overwhelmed 
I get emotional aaaly 
IHowupatlitdatfungi 

Mymiodfeddoudy 0 
t fed «he world would btbeturwitbiuim* 0 

Skeletal muacla raltxaiico ♦ 
Bectrodannal activity relaxaaao ♦ 
AJph*bt»iaw«v» activity ♦ 
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Anxiety Tests 

Eight patients were treated in the VNO with placebo 
and eleven were treated with androsta-4 , 16 -dien-3/?-ol . 
Scores on anxiety symptoms were taken using the convention 
5 Hamilton- A anxiety tests which measure the following: 



TOTAL HAMILTON-A 

anxious mood 

tension 

fears 

10 insomnia 

intellectual 
depressed mood 
somatic (muscular) 
somatic (sensory) 

15 cardiovascular symptoms 
respiratory symptoms 
gastrointestinal symptoms 
genitourinary symptoms 
autonomic symptoms 

20 behavior at interview 



INSTANT HAMILTON- A 

anxious mood 
tension 
intellectual 
somatic (muscular) 
somatic (sensory) 
cardiovascular symptoms 
respiratory symptoms 
autonomic symptoms 
behavior at interview 



STATIC HAMILTON- A 

fears 
insomnia 
depressed mood 
gastrointestinal 

symptoms 
genxtourinary symptoms 



The results are summarized in FIGs. 213 through 218. 
In FIG. 213 the treated subjects (T) show an improvement 
over the control (C) in the instant, static and total 
Hamilton-A results. Referring to FIG. 214, only 25% of the 
25 subjects given placebo showed a Hamilton-A score drop of 45% 
or more, but 64% of the treated subjects showed a score drop 
of 45% or more. 

FIG. 215 shows a significant decrease in respiratory 
frequency <RF) and cardiac frequency (CF) in treated anxious 
30 subjects compared to control. 

FIG. 216 shows improved parasympathetic tone in 
treated anxious subjects as compared to control. This 
characteristic was measured through a standard test for 
physiologic sinus arrhythmia. 



- 148 - 



WO 98/03207 



PCT/US97/13035 - 



FIG. 217 shows an improved (decrease) on 
electrodermal activity (EDA) in treated anxious subjects as 
compared to control . 

FIG. 218 shows an improved (increase) in body 
5 temperature in treated anxious subjects compared to control. 



Electrovomerocrram (EVG) . Figure 201A shows 
superimposed traces of EVGs recorded from a 25 year-old male 
subject. The ETA (estratetraenyl acetate) stimulus produced 
an EVG significantly different from control. The mean 
10 amplitude of the EVGs produced in all subjects studied was 

M=1.95mV, S.D.=+0.8mV, n=10) • An air pulse carrying the same 
quantity of PDD induced a larger EVG. The mean amplitude 
for the same dose of PDD in all subjects recorded was 
M=3.6V, S.D.=0.7mV, n=10) . 
15 The results of vomeropherins ' action on the 

electrogram of the nasal respiratory mucosa are shown in 
Figure 201B. The studies demonstrate that respiratory 
mucosa did not respond to either ETA or PDD 
(pregnadienedione) (p>0.1, n=10) . The same vomeropherins 
0 when tested in -the -olfactory epithelium (unpublished 
observation) also showed no electrogram response. 

Figure 202 depicts ETA and PDD dose effect curves 
obtained in male subjects. Notice that for both 
vomeropherins the EVG amplitude increases as a function of 
5 the concentration, and dose-effect relationship for 

interstimulus intervals of 5 minutes is sigmoidal. The slope 
for ETA is not significantly different from that of PDD 
<p>0 .02, n=20) . 

Autonomic reflexes produced by vomeropherins . 
0 Studies of the central nervous system (GNS) reflex response 
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to VNO stimulation with air pulses containing ETA (5xlO-9M) , 
and PDD (5xlO-9M) are shown in Figure 203, discussed below. 

Electrodermal activity (EDA) . Both vomeropherins 
induced increase of skin conductance as compared to control 
5 (p<001) . The effect of a single air pulse containing 

vomeropherin, either ETA or PDD, consisted of a transient 
monophasic wave, with a latency of X Lat =520 ms, SD=110 ms . 
The mean peak amplitude of the effect for PDD was X PDD =21.1 
S, SD=19 /iS, and for ETA it was X E7A =22.01 /iS, SD=13.6 \l$ . 
10 The average duration of the wave was 32 3econds. 

Vomeropherins ETA and PDD- also changed the frequency of 
spontaneously occurring EDA events. After application of 
ETA or PDD, the frequency of waves decreased from 4 . 1 to 
0.9. 

15 Body temperature (BT) . A single air pulse 

containing ETA produced a small but significant temperature 
increase (X LTA =0 . 24°C, SD=0.1°C, p<0.02), that lasted about 2 
minutes and then returned to baseline. 

Cardiac frequency (CF) . The heart rate was measured 
20 from the R- intervals of the EKG. The effect induced by both 
vomeropherins is significantly different in male subjects 
(p<0.01), (see Figure 215). Compared to control values, ETA 
decreased cardiac frequency by X ETA =-3.3 beats/min., SD=1 
beat/min., while PDD increased cardiac rate by XpD D =3.8 
25 beats/min., SD=1.5 beats/min. These changes developed about 
10 seconds after VNO stimulation with vomeropherins, and 
after approximately 2 minutes the heart rate returned to 
control values. 
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Respiratory frequency (RF) . PDD induces a small but 
significant decrease in respiratory rate (X RF =-2 
cycles/min., SD=1 cycle/min. n=10) that appeared about 5 
seconds after stimulation of the VNO and lasted for 1 
5 minute. 

Electroencephalogram (EEG) . Electroencephalograms 
were recorded from the vertex Czh x ) and temporal region 
(T3AJ , and epochs of four-minute duration were analyzed off 
line using the Fast Fourier Transform. Later, the ratio of 

10 alpha to beta brainwave activity (alpha/beta) was calculated 
in one epoch occurring before and another after 
administration of a vomeropherin to the VNO. PDD changed 
the alpha/beta ratio from control subjects 0.11 to treated 
subjects 1.85, while ETA changed the ratio from control 

15 subjects 0.14 to treated subjects 1.71. These effects were 
significantly different from control values (p<0.02). 

The measurements of autonomic reflexes as described 
demonstrate that stimulation of the human VNO with 
vomeropherins triggers reflex activity in the central 

20 nervous system. 

Plasma Levels of Pituitary Hormones and 
Testosterone . The effect of VNO stimulation with 
vomeropherins on plasma levels of pituitary hormones is 
shown in Tables II and III. Table II shows the 

25 characteristics of the pulsatile release of TSH, PRL, FSH, 
and LH in 10 subjects of Group B, before and during 
treatment with ETA. 

In 10 normal male volunteers treated with ETA, no 
significant differences could be detected for TSH, PRL, and 

30 FSH when compared to normal placebo controls, (p>0.05). 
However, treated ETA subjects showed an increase in Mid 
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Peaks and Peak Width measurements, control 79 vs. treated 
subjects 92 and control 45 vs. treated subjects 54, 
respectively (p<0.05) . The number of peaks of LH for 
treated subjects was decreased significantly from 5.2 
5 compared to control value of 6.8 (p<0.05). 

In 10 male and 10 female subjects (Group C) PDD was 
administered at a concentration of 5 x 10" 9 M, every 10 
minutes, during 6 hours. Pulsatility analysis was applied 
to the LH and FSH serum concentrations obtained at each 

10 sampling time. As shown in Table III, the mean area under 

the peaks (concentration/time) and the increment above basal 
were significantly reduced during the treatment with PDD for 
both gonadotropins but only in males without apparent 
changes in the female subpopulat ion . 

15 In PDD treated males, FSH values were significantly 

decreased for both M. Area and I. A. Basal measurements: 
Treated 12.7 vs. Control 17.6, and Treated 0.63 vs. Control 
0.89, respectively. Likewise, for the same group, LH values 
were significantly decreased for both M. Area and I. A. Basal 

20 measurements: Treated 44 vs. control 77 and Treated 1.4 vs. 
Control 2.0, respectively. 

For all measurements as described, no statistically 
significant changes could be detected in female subjects 
treated with PDD. (Table III) . 

25 The major change was observed in the reduction of 

the increments above basal values particularly for LH (2.0 
vs . 1.4 p<0 . 009) . 

Similarly to the findings during the administration 
of ETA, other pituitary hormones analyzed (PRL and TSH) did 

30 not show statistically significant changes either in their 
absolute concentrations or in the pulsatility 
characteristics . 
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Vomeropherins ETA and PDD appear to be gender 
specific both in their effect on the VNO and on hypothalamic 
responses. They significantly lower gonadotropin 
pulsatility in male, but not in female subjects (see Table 
5 III) . This gender specific effect on the VNO 

(electrovomerogram) has been reported previously using 
naturally occurring vomeropherins (pheromones) from the 
human skin: Estra- 1, 3, 5 (10) , 16-tetraen-3-ol specifically 
stimulates the human VNO in males, but not in females. 

10 However, Androsta- 4,16-dien- 3-one specifically stimulates 
the human VNO in females, but not in males. 

The data provides support for a functional 
connection between the VNO and the basal forebrain. 
Furthermore, stimulation of the human VNO in males with ETA 

15 (3xl0" 9 M) significantly changes LH pulsatility, but not 
FSH. PDD (5xl0" 9 M) significantly changes LH and FSH 
pulsatility in males only. These findings open an 
opportunity to use a specific vomeropherin (chemically 
synthesized and not found in nature) that could be used in 

20 the treatment of certain diseases which are gender specific. 
The release of LHRH and gonadotropins through 
exposure to semiochemicals of conspecif ics of the opposite 
gender has been reported in several mammalian species 
(Beltramino et al, Neuroendocrinology 36 (1983) : 53-58, 

25 Coquelin, et al. J. Neuroscience 4 ( 1984 ): 2230-2236 . It was 
also shown in laboratory animals that VNO receptors are 
essential to trigger this neuroendocrine reflex (Johns 1978, 
Wysocki 2979, Meredith 1994). The present results here show 
that this neuroendocrine reflex is functional in humans and 

30 that it can be modulated through VNO receptor sites that are 
sensitive to vomeropherins. See Tables II and III in that 
there is the decrease in LH and FSH peak height, and 
frequency and increase in the peak interval. Therefore, ETA 
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and PDD must be affecting vomeronasal afferent signals that 
modulate the pool of hypothalamic LHRH neurons. 

Experimental studies in several animal species have 
demonstrated a close correlation between LH pulsatility and 
5 episodic GnRH release in hypothalamic-pituitary-portal blood 
(Veldhuis et al . , J. Clin. Endocr . Metab . , 64. (1987): 1275- 
1282) . The pulsatile release of LH in normal men, 
post -menopausal women and young women studied throughout the 
menstrual cycle reflects episodic endogenous gonadotrophic 

10 releasing hormone (GnRH) action. Although variations in 
bioactive LH pulse amplitude can result. from changes in 
either amplitude of the endogenous GnRH pulse signal and/or 
changes in pituitary gonadotropic-cell responsiveness, 
significant alterations in LH pulse frequency can be taken 

15 to reflect corresponding modulation of the hypothalamic GnRH 
pulse (Knobil, E. 1980, Recent Prog Horm Res 36:53). The 
changes observed in the amount and pattern of release of 
gonadotropins in male subjects during administration of 
femtomolar quantities of vomeropherins to the VNO result in 

20 a neuro-pharmacological effect at the hypothalamic/pituitary 
level . - ■ 

Pulsatile release of LHRH from the preoptic 
hypothalamus drives the release of both gonadotropins (LH 
and FSH) from the pituitary (Yenand Jaffe, Textbook of 

25 Reproductive Endocrinology) . 

Data on several patients are shown for blood 
testosterone level (subjects 1, 2, 4 and 8, respectively, 
shown in FIGS. 204, 205, 206 and 207). Visit "A" shows the 
levels after administration of pregna-4 , 20-dien-3 , 6-dione to 

30 the VNO. Visit "B" shows testosterone levels after 

administration of a placebo. The slopes of the curves for 
levels after treatment with the pregnadiendione are 
statistically different from the slopes of the curves of the 
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control. Also, in most instances, the levels of 
testosterone are lower after treatment of the 
pregnadiendione compared to the control. This shows the 
ability to affect blood testosterone level by administration 
5 of a vomeropherin to the VNO. 

Ill . Examples 

The following examples are intended to illustrate 
but not to limit the invention. 

Abbreviations used in the examples are as follows: 
10 aq.=aqueous; RT.=room temperature; PE=petroleum ether (b.p. 
50 - 70 ° ) ; DMF=N, N=dimethylf„ormamide ; DMSO=dimethyl sulfoxide ; 
THF=tetrahydrof uran . 
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Examples 

Example 1 - Preana-4, 20-dien3<y- IB- ) -ol . 

To a 1M solution of lithium trisiamylborohydride 
(5.0ml, S.Ommole) at -78°C under argon was added a solution 
5 of pregna-4 , 20-dien-3 -one (1.10g, 3.70mmole) in dry THF 
. (14ml) , with stirring, and the mixture was allowed to warm 
to room temperature. After 3 hours, the mixture was cooled 
to -78°C and the following reagents were added sequentially: 
water (2ml) , ethanol (6ml) , 12% aqueous KOH solution (10ml) , 

10 and 3% hydrogen peroxide (50ml) . The mixture was allowed to 
warm to room temperature with stirring. - After 2 hours, 
ethyl acetate (200ml) was- added and the stirring was 
continued. The organic layer was separated, and was washed 
with satd. NaHS0 3 solution, satd. NaHC0 3 solution, and 

15 satd. NaCl solution, dried (Na 2 S0 4 ) , and evaporated in vacuo 
to give 2.1g crude material. This was purified by flash 
chromatography on 210g silica gel (230-400 mesh) , eluting 
with EtOAc/CH 2 Cl 2 ( 5 : 95- -- >1 : 93) to give three fractions. 
Fraction 1 (0.8g) contained the impure 3<*-alcohol. Fraction 

20 2 (O.lg) was a mixture of the 3<*- and 3/?-alcohols . Fraction 
3 (0.25g) was the pure 3/J-alcohol (23%) . Fraction 1 was - 
repurified by flash chromatography on 80g silica gel (230- 
400 mesh), eluting with EtOAc/hexane (10:90 — »15:85) to give 
0.15 g pure 3of-alcohol (14%). 

25 Example 2 - Pregna-3,5 20- trien-3 -yl methyl ether. 2 . 

Referring to SCHEME 1, compounds 2, 2, 4 and 5 were 
prepared as follows. 

A solution of pregna-4 , 20-dien-3-one (1, 1.00 g 3.35 
mmol) in 2, 2-dimethoxypropane (5 . 0 Ml, 41 mmol) 

3 0 dimethyl formamide (5.0 ml) and methanol (0.2 ml) was 

refluxed with catalytic p-toluenesulf onic acid monohydrate 
(26.9 mg, 0.141 mmol) for 2 h. After cooling, sodium 
bicarbonate (153.6 mg, 1.828 mmol) was added and the 
reaction mixture was partitioned between 75 ml of hexanes 
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and 50 ml of ice water. The organic phase was washed twice 
with 50 ml portions of water and once with 50 ml of brine, 
after which it was filtered through a 17 mm high x 30 mm 
diag. column of silica gel 60. Product was further eluted 
5 with 100 ml of hexanes . Concentration of the combined 
eluates and recrystallization from acetone/methanol gave 
lustrous very slightly yellow platelets (828.7 mg, 2.652 
mmol, 79%) m.p. 111-114°C. 

Example 3 - Pregna-1 . 4 , 20-trien-3 -one . 

Pregna-4, 20-dien-3-one (1, 1.19 g. 3.99 mmol) was 
re.fl.uxed. for 24 h with 2, 3-dichloro-S, 6-dicyano-l, 4- 
benzoquinone (DDQ, 2.72 g, 12.1 mmol) in 4 0 ml of benzene 
under Argon. The cooled suspension was diluted with ether 
and washed with two 100 ml portions of 5% (w/w) sodium 
hydroxide, two 100 ml portions of water and once with 100 ml 
of brine. Ether (100 ml) was added to the resulting 
emulsion, which was dried over sodium sulfate and then 
filtered through a column of sodium sulfate (20 g) . After 
washing the residue twice with 50 ml portions of ether the 
combined filtrates were concentrated under reduced pressure 
and then flash chromatographed (25% ethyl acetate/hexanes on 
silica gel) to give a slightly yellow crystalline solid 
(0.26 g, 0.88 mmol, 22%). 

Example 4 - Preana-1 , 4 . 20-trien-3-ol , 4 . 
25 Pregna-1, 4, 20-trien-3-one (3, 0.26 g, 088 mmol) in 

25 ml of anh. ether was reduced under argon atmosphere with 
lithium aluminum hydride (250.5 mg, 6.601 mmol) for 2 h and 
then quenched with 2,50 g of Glauber's salt. The resulting 
suspension was stirred 70 min., filtered, and washed twice 
30 with 50 ml portions of ether. After concentrating the 

combined filtrates under reduced pressure the residue was 
purified using preparative TLC (35% ethyl acetate/hexanes on 
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alumina to give white needles (26.1 mg, 87.4 //mol, 10%) m.p. 
98-128°C. 

Example 5 - Precma-4 . 20-dien-6ff-ol-3-one. 5 . 

m-Chloroperbenzoic acid (MCPBA, 77.4%, 763.4 mg, 
5 3.42 mmol) suspended in 30 ml of 1, 2-dimethoxyethane (DME) , 
6 ml of water and 2.4 ml of 5% (w/w) sodium hydroxide was 
added to a solution of pregna- 3 , 5 , 20- trien- 3 -yl methyl ether 
(2, 4 00.3 mg, 1.281 mmol) in 20 ml of DME + 2 ml of water 
over 85 min. with stirring. The reaction was continued 5 h 

10 and was then poured into 50 ml of saturated sodium 

bicarbonate . The -mixture was extracted three times -with 50 
ml of ehter and the combined organic extracts were washed 
with 50 g of 5% (w/w) sodium thiosulfate pentahydrate + 
three 50 ml portions of brine, dried over magnesium sulfate, 

15 and filtered through Celite. After washing the residue with 
10 ml of ether the combined filtrates were concentrated in 
vacuum. Flash chromatography (35% ethyl acetate/hexanes on 
silica gel) and preparative TLC (35% ethyl acetate/hexanes 
on silica gel) gave a difficulty separable mixture as white 

20 crystals (95.5 mg, 0.304 mmol, 24%). - - - 

Example 6 - 20,21 * Dimethvlprecma-5 , 20-dien-3fl-ol , 6 . 

Referring to SCHEME 2, compounds 6, 7, 8 and 9 were 
prepared as follows. 

Ethyltriphenylphosphonium bromide (25.99 g, 70.00 

25 mmol) and potassium t-butoxide (7.86 g, 70.0 mmol) with 80 
ml of anh. DMSO were stirred under Argon in oil bath at ca. 
80°C for 1 h, after which preen-5-en-3£-ol-20-one (4.43 g, 
14.0 mmol) in 80 ml of warm anh. DMSO was added. The red 
suspension was stirred 1 h, removed from the heat and poured 

30 into 200 ml of ice-brine. The mixture was then extracted 
three times with 100 ml of ether and the combined organic 
extracts were washed with 100 ml of brine, dried over sodium 
sulfate, and filtered through Celite. After washing the 
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residue with 50 ml of ether the combined filtrates were 
concentrated under reduced pressure. The yellow residue was 
taken up in 95% ethanol with heating, boiled briefly with 1 
g of charcoal, and filtered through Celite. After cooling 
5 and filtration of the residue was recrystallized twice more 
from ethanol to give white crystals (1.746 g, 5.314 mmol, 
38%), m.p. 140-145°C. 

Example 7 - 20.21 - Dimethvlpreana-4 , 20 -dien-3 , 6 -dione, 7 . 

Jones reagent (2.67 M, 2.0 ml. 5.3 mmol) was added 

10 to a solution of 20,21 -dimethylpregna-5-, 20-dien-3£-ol (6, 
460.1 mg, 1.400 mmol) in 50 ml of acetone and the reaction 
was stirred 45 min. After quenching with 2-propanol (1.0 
ml) the mixture was poured into 100 ml of water and 
extracted three times with 50 ml of ethyl acetate. The 

15 combined organic extracts were washed with 50 ml of 

saturated sodium bicarbonate + 50 ml of brine, dried over 
magnesium sulfate, and filtered through Celite. The residue 
was washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. Flash 

20 chromatography (25% ethyl acetate/hexanes on silica gel) and - 
recrystallization of the residue from 95% ethanol gave 
yellow needles (138.2 mg, 0.4059 mmol, 29%), m.p. 172-178°C. 

Example 8 - 20.21 - Dimethvlpreqna-4 , 20-dien-3-one. 8 . 

20,21 -Dimethylpregna-5,20-dien-3£-ol (6, 400.3 mg, 

25 1.218 mmol) in 5 ml of methylene chloride was oxidized with 
pyridinium chlorochromate (52 5.4 mg 2.437 mmol) for 42 h. 
Ether (3.5 ml) was added and the suspension was filtered 
through a 5 mm dia. x 60 mm high column of silica gel. The 
column was further eluted with 3.5 ml of ether and the 

30 combined filtrates were concentrated under reduced pressure. 
Flash chromatography of the resin followed by 
recrystallization from aqueous ethanol gave yellow crystals 
(43.6 mg, 0.134 mmol 11%). m.p. 157-165°C. 
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Example 9 - Preana-4 > 20-dien-3 , 6-dione 9 . 

A solution of pregna-5, 20-dien-3£-ol (300.5 mg, 
1.000 mmol) in 35 ml of acetone was cooled in an ice water 
bath and 2.67 M Jones reagent (0.71 ml, 1.9 mmol) was added. 
5 After stirring 1 1/2 h a further 0.71 ml of Jones reagent 
were added and the reaction was continued 45 min, 2-Propanol 
(1.0 ml) was added and the mixture was poured into 100 ml of 
water. The mixture was then extracted twice with 50 ml of 
ethyl acetate and the combined organic extracts were washed 
10 with 50 ml of saturated sodium bicarbonate + 50 ml of water 
+ 50 ml of brine and filtered through a 21 mm dia x 22 mm 
high column of silica gel 60. The column was e luted further 
with 25 ml of ethyl acetate and the combined filtrates were 
concentrated under reduced pressure. Recrystallizat ion of 
15 the residue from 95% ethanol gave a light yellow powder 
(104.6 mg, 0.3348 mmol 33%), m.p. 114-120°C. 

Example 10 - Precrna-5 . 17 , 20- trien-3/?-ol , 10 . 

A solution of 17of-ethynylandrostenediol (439. 4mg, 
1.3 97 mmol) in 10ml of dry THF was added to a suspension of 
lithium aluminum hydride (106.5 mg, 2 7mmol) and aluminum 
chloride (122.9 mg, 0.9220 mmol) in 10 ml of dry THF under 
argon. After refluxing 17 h the reaction mixture was 
quenched by stirring 2 h with sodium sulfate decahydrate 
(1.00 g, 3.10 mmol). The reaction was filtered and the 
residue washed with three 10 ml portions of THF. 
Concentration of the combined filtrates under reduced 
pressure gave 0.44 g of white solid, which was purified by 
flash chromatography (30% ethyl acetate/hexanes on silica 
gel) and twofold recrystallization from aqueous ethanol, 
giving lustrous white crystals (92.0 mg, 0.303 mmol, 22%), 
m.p. 144-149°C. 



25 
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Example 11 - 5of-Chloro-6fl, 19-epoxyprecm-17-en-3g-ol . 11 . 

Referring to SCHEME 3, compounds 11, 12, 13, and 14. 
were made as follows: 

Ethyltriphenylphosphonium bromide (3.05 g, 8.22 
5 mmol) and potassium t-butoxide (0.92 g, 8.2 mmol) were 

reacted under argon in anh. DMSO (9.2 ml) for 1 h in a 76- 
86°C bath, following which 5a-chloro-6/?, 19-epoxyandrostan- 
3/S-ol-17-one (555.9 mg, 1.640 mmol) in 9.2 ml of warm anh. 
DMSO was added and the mixture stirred a further 1 h. The 

10 reaction was then poured into 2 5 ml of ice-brine and 

extracted three times with 10 ml portions of ether. The 
combined organic extracts were washed with brine, dried over 
magnesium sulfate, and filtered through Celite. The residue 
was washed twice with 5 ml of ether and the combined 

15 filtrates were dried in vacuum. The residual yellow oil was 
purified by flash chromatography (60% ethyl acetate/hexanes 
on silica gel) to give a white syrupy solid (0.34 g, 0.97 
mmol , 5 9%) . 

Example 12 - 5of-Chloro-6fl, 1 9 - epoxypreqn - 1 7 - en - 3 - one , 12 . 

20 " ~ A solution of 5a-chloro-60, 19-epoxypregn-17-en-3/?-ol 

(11,0.34 g, 0.97 mmol) in 35 ml of acetone was cooled in an 
ice-acetone bath and 0.47 ml of 2.67M Jones reagent were 
added. After stirring 40 min. the reaction was quenched 
with the addition of 0 . 5 ml of 2-propanol. Water (15 ml) 

25 was added, volatile components were removed under reduced 
pressure, and the mixture was extracted three times with 15 
ml portions of methylene chloride. The combined organic 
extracts were washed with 15 ml of saturated sodium 
bicarbonate + 15 ml of brine, dried over magnesium sulfate, 

30 and filtered through Celite. After washing the residue 

twice with 5 ml of methylene chloride the combined filtrates 
were dried in vacuum. The residue was flash chromatographed 
on silica gel using 30% ethyl acetate/hexanes as eluent to 
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give a white crystalline solid (0.34 g, 0.97 mmol, 
quantitative) . 

Example 13 - 6B. 19 -Epoxvprecm-4 . 17 -dien- 3 -one . 13 . 

5a-chloro-6/3, 19-epoxypregn-17-en-3 -one (12, 0.34 g, 
5 0.97 mmol) was dissolved with warming in 10 ml of anh. 
methanol, potassium acetate (0.60 g, 6.1 mmol) was added, 
and 6.5 ml of solvent were distilled off at room pressure. 
The residue was concentrated under reduced pressure, taken 
up. in 25 ml of water, and extracted three times with 10 ml 

10 portions of methylene chloride. The combined organic 
extracts were dried over magnesium sulfate and filtered 
through Celite. The residue was washed with 10 ml of 
methylene chloride and the combined filtrates concentrated 
under reduced pressure to give a white crystalline solid 

15 (290.0 mg, 0.9281 mmol, 96%) homogeneous to TLC (60% ethyl 
acetate/hexanes on silica gel; R e 0.61). 

Example 14 - Precrna-4 , 17-dien-19-ol-3 -one , 14 . 

To a solution of 6/?, 19-epoxypregna-4 , 17-dien-3 -one 
(290.0 mg, 0.9281- mmol) in 10 ml of glacial acetic acid was - 

20 added zinc dust (1.12 g, 17.1 mg-atom) activated by stirring 
2 min. with 10% hydrochloric acid followed by washing with 
water and acetone. The suspension was stirred vigorously 
for 10 min. in a 99-102°C and was then filtered through 
Celite. The residue was washed 4 times with 10 ml of acetic 

25 acid and the combined filtrates were concentrated in vacuum. 
The residue was taken up in 50 ml of ethyl acetate, washed 
with 50 ml of water + 50 ml of saturated sodium bicarbonate 
+ 50 ml of brine, dried over magnesium sulfate, and filtered 
through Celite. The residue was washed with 10 ml of ethyl 

30 acetate and the combined filtrates dried in vacuum. The 

residue was recrystallized from ethyl acetate to give white 
crystals (46.4 mg, 0.148 mmol, 16%), m.p. 192-195°C. 
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Example 15 - Pregn-4-en-3/3-ol-20-vne , 15 . 

Pregn-4-en-3/3-ol-20-vne , 15 : Pregna-4-en-3-on-20- 
yne {200.1 mg, 0.6750 mmol) and lithium aluminum tri{t- 
butoxy) hydride {34 3.8 mg, 1.3 52 mmol) were suspended in 3 . 6 
ml of anhydrous ether. After reacting 4 h, a further 343.5 
mg (1.3 51 mmol) of hydride were added and the reaction was 
allowed to continue 16 h. See Scheme 4. After quenching 
with sodium sulfate decahydrate (3.41 g) the reaction 
mixture was agitated 15 min. and then filtered through 
diatomaceous earth. The residue was extracted 5 times with 
10 ml portions of ether and the combined - filtrates were 
concentrated under reduced pressure. Flash chromatography 
of the residue (25% ethyl acetate/hexanes on silica gel) 
followed by recrystallization from aqueous ethanol yielded a 
white powder (85.0 mg, 0.285 mmol, 42%), m.p. 120.5 - 
123. 5°C. 

Example 16 - 20 . 21-Dimethylpreana-4 , 20E-diene-3 , 6 -dione . 16 . 

Jones reagent (2.67 M, 1.75 ml, 4.67 mmol) was added 
to a solution of 20, 21-dimethylpregna-5 , 20E-dien-3jS-ol 
20 (400.0 mg, 1.281 mmol) in 45 ml of acetone and the reaction 
was stirred 30 min. The mixture was then poured into 85 ml 
of water and extracted three times with 40 ml portions of 
ethyl acetate. The combined organic extracts were washed 
with 40 ml of saturated sodium bicarbonate + 40 ml of brine, 
25 dried over magnesium sulfate, and filtered through 

diatomaceous earth. The residue was washed with 10 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Flash chromatography (20% ethyl 
acetate/hexanes on silica gel) of the residue followed by 
30 recrystallization from aqueous ethanol gave light yellow 

needles (119.1 mg, 0.3497 mmol, 29%), m.p. 171-173°C. TLC 
(20% ethyl acetate/hexanes on silica gel) showed a major 
component at R f 0.17 with a minor contaminant at R f 0.24. 
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Example 17 - 20-Methvlpreana-4 , 20-diene-3 , 6-dione . 17 . 

Jones reagent (2.67 M, 1.83 ml, 4.89 mmol) was added 
to a solution of 20-methylpregna- 5 , 2O-dien-30-ol (400.0 mg, 
1.272 mmol) in 45 ml of acetone and the reaction was stirred 
5 20 min. After quenching with 2-propanol (0.91 ml) the 

mixture was poured into 85 ml of water and extracted three 
times with 40 ml portions of ethyl acetate. The combined 
organic extracts were washed with 40 ml of saturated sodium 
bicarbonate + 40 ml of brine, dried over magnesium sulfate, 

10 and filtered through diatomaceous earth. The residue was 
washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. 
Recrystallization of the solid residue from aqueous ethanol 
gave yellow crystals (235.0 mg, 0.7298 mmol, 57%), m.p. 148- 

15 150°C. TLC (20% ethyl acetate/hexanes on silica gel) showed 
a major product at R f 0.24 with a minor impurity at the 
origin. 

Example 18 - Preana-4 , 16 -diene-3 . 6 -dione , 18 . 

Jones reagent (2.67 M, 0.23 ml, 0.61 mmol) was added 
to a solution of pregna-5 , 16-dien-3/?-ol (45.5 mg, 0.151 
mmol) in 5 ml of acetone and the mixture was stirred 2 0 min. 
After quenching with 2-propanol (0.11 ml) 10 ml of water 
were added and the mixture was extracted three times with 5 
ml portions of ethyl acetate. The combined organic extracts 
were washed with 5 ml of saturated sodium + 5 ml of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 5 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Preparative TLC (2 5% ethyl 
acetate/hexanes on silica gel) of the residue gave a light 
yellow solid (10.6 mg, 33.9 /imol, 22%) homogeneous to TLC 
(R f 0.41, 25% ethyl acetate/hexanes on silica gel; starting 
material R f 0.30) . 



25 
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Example 19 - Preqna-4 . 17 , 20 - triene - 3 , 6 -dione . 19 . 

Jones reagent (2.67 M, 1.03 ml 2.75 mmol) was added 
to pregna-5, 17, 20- trien-30-ol (214.5 mg, 0.7187 mmol) in 25 
ml of acetone and the mixture was stirred 20 min. After 
5 quenching with 2-propanol (0.52 ml), the mixture was poured 
into 50 ml of water and extracted three times with 25 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 25 ml of saturated sodium bicarbonate + 25 
ml of brine, dried over magnesium sulfate, and filtered 

10 through diatomaceous earth. The residue was washed with 10 
ml of ethyl acetate and the combined filtrates were 
concentrated under reduced pressure. Recrystallizat ion with 
concomitant treatment with charcoal in aqueous ethanol gave 
light yellow needles (67.7 mg, 0.218 mmol, 30%), m.p. 140- 

15 143. TLC (25% ethyl acetate/hexanes on silica gel) shows 
product at R f 0.4 3 with minor contaminants at R f 0.86, 0.14, 
0.08, and 0.00 (pregna-5, 17-dien-3/3-ol R f 0.32). 

Example 20 - 21-Methvlene-2Q (R) -methylprean-4 -en- 3 -one . 20 . 

Aluminum isopropoxide (0.39 g, 1.9 mmol) in 3.6 ml 

20 of hot toluene was added to a solution of 21 -methylene - 
" " 20 (R) -methylpregn-5-en-3/3-ol (208.2 mg, 0.6337 mmol) in 
cyclohexanone (3.6 ml, 35 mmol) and 18 ml of toluene, and 
the mixture was refluxed with exclusion of moisture for 2 h. 
After cooling in ice, 0.92 ml of water and 2.2 ml of 3.6 N 

25 sulfuric acid were added and the mixture was shaken 1 min. 
Further water (4.6 ml) was added, the mixture was shaken 5 
min., and the aqueous phase was discarded. Volatile 
components were removed by azeotropic/steam distillation and 
the resulting aqueous suspension was extracted three times 

30 with 5 ml portions of methylene chloride. The combined 
organic extracts were filtered through a small column of 
sodium sulfate resting on a bed of diatomaceous earth, all 
of which was contained in a Pasteur pipette. The residue 
was washed with 5 ml of methylene chloride and the combined 
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filtrates were concentrated under reduced pressure. 
Recrystallization of the residual film gave white needles 
(152.7 mg, 0.4677 mmol, 74%), m.p. 138-139°C. TLC (25% 
ethyl acetate/hexanes on silica gel) showed a major product 
5 at R f 0.54 with a trace contaminant at R f 0.71 (starting 
material R f 0.36) . 

Example 21 - 21 -Methylene -20 (R) -methvlpreqn-4 -en- 3fl-ol , 21 . 

A suspension of 21-methylene-20 (R) -methylpregn-4 -en- 
3-one (1, 100.0 mg, 0.3063 mmol) and lithium tri-t- 

10 butoxyaluminohydride (319.4 mg, 1.256 mmol) in 5 ml of anh. 
THF was stirred under argon for 6 h, after which water (48 
/iL) , 15% (w/w) sodium hydroxide (48jxL) , and water (143 mD 
were added. The mixture was filtered through diatomaceous 
earth and the residue was extracted four times with 5 ml 

15 aliquots of THF. Concentration of the combined filtrates 
under reduced pressure and two- fold recrystallization from 
aqueous ethanol gave white platelets (42.6 mg, 0.130 mmol, 
42%), m.p. 121-123°C. TLC (25% ethyl acetate/hexanes on 
silica gel) shows major product at R £ 0.38 and minor product 

20 at R f 0.43 (starting material R f 0.50) . _ 

Example 22 - 21 -Methylene -20 (R) -methvlpreqn-4 -ene * 3 . 6 -dione , 
22 . 

Jones reagent (2.67 M, 0.68 ml, 1.8 mmol) was added 
to 21-methylene-20 (R) -methylpregn-5-en-3)3-ol (149.8 mg, 

25 0.4560 mmol) in 15 ml of acetone and the reaction was 

stirred 20 min. After quenching with 2-propanol (0.34 ml), 
the mixture was poured into 30 ml of water and extracted 
three times with 15 ml portions of ethyl acetate. The 
combined organic extracts were washed with 15 ml of 

30 saturated sodium bicarbonate + 15 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
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Preparative TLC of the residue (25% ethyl acetate/hexanes on 
silica gel GF, 1000 fi) gave a yellow, crystalline solid 
(49.7 mg, 0.146 mmol, 32%) homogeneous to TLC (25% ethyl 
acetate/hexanes; R f 0.47; starting material R f 0.35). 

5 Example 23 - Preqn-4 -en-3fi-ol-20-yne , 23 . 

Lithium tri - t-butoxyaluminohydride (343.8 mg, 1.352 
mmol) was added to preen-4 -en-3-on-20-yne (200.1 mg, 0.6750 
mmol) suspended in 3 . 6 ml of anh. ether and the mixture was 
stirred 4 h. Additional hydride (343.5 mg, 1.351 mmol) was 
10 added and the reaction was stirred a further 16 h. 

Glauber's salt (3.41 g) was added and the suspension was 
agitated 15 min. The mixture was filtered through 
diatomaceous earth and the residue was extracted five times 
with 10 ml portions of ether. Concentration of the combined 
15 filtrates under reduced pressure followed by flash 

chromatography (25% ethyl acetate/hexanes on silica gel) and 
recrystallization from aqueous ethanol gave a white powder 
(85.0 mg, 0.285 mmol, 42%), m'.p. 120 . 5-123 . 5°C. TLC (25% 
ethyl acetate/hexanes on silica gel) showed product (R f 
-20 0.-23) contaminated with traces of what appeared to be 
starting material (R f 0.29). 

Example 24 - Prean--4 . 16-dien-6fl-ol-3-on-20-yne , 24 . 

3-chloroperbenzoic acid (290.0 mg, 1.680 mmol) in 
9.4 ml of 1, 2 - dime thoxy ethane + 3 . 6 ml of water was added to 

25 a suspension of pregna-3 , 5 , 16-trien-20-yn-3-yl methyl ether 
(4 71.0 mg, 1.527 mmol) in 1 , 2-dimethoxyethane (9.4 ml) and 
the reaction was stirred 30 min. The mixture was poured 
into 50 ml of saturated sodium bicarbonate and extracted 
three times with 50 ml of ethyl acetate. The combined 

30 organic extracts were washed with 50 g of 5% (w/w) sodium 
thiosulfate pentahydrate + three 50 ml aliquouts of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
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ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Flash chromatography (50% ethyl 
acetate/hexanes on silica gel) of the residue, followed by 
recrystallization from aqueous ethanol gave a light yellow 
5 solid (145.9 mg, 0.4700 mmol, 31%), m.p. >300°C. 

Example 25 - Chola- 5 , 16 . 20 ( 22 ) - tr ien- 3fi-ol , 25 . 

A suspension of propyltriphenylphosphonium bromide 
(12.13 g, 31.48 mmol) and potassium t-butoxide (3.54 g, 31.5 
mmol) in anh. DMSO (35 ml) under argon atmosphere was 
placed in an oil bath (72-87°C) and then stirred 1 h. 
Pregna-5, 16-dien-3£-ol-20-one (1.9807 g, 6.298 mmol) in 35 
ml of warm anh. DMSO was added and the reaction was stirred 
90 min. The mixture was then poured into 90 ml of ice-brine 
and extracted with three 45 portions of ether. The combined 
organic extracts were washed with 4 5 ml of brine, dried over 
sodium sulfate, and filtered. The residue was washed with 
10 ml of ether and the combined filtrates were concentrated 
under reduced pressure. Flash chromatography (20% ethyl 
acetate/hexanes on silica gel) of the resulting oil gave an 
amber resin (103.-6 mg, 0.3042 mmol, 4.8%) . 

Example 26 - Chola-4 - 20 (22 ) E-diene-4 . 6 -dione , 26 . 

Jones reagent (2.67 M, 1.26 ml, 3.36 mmol) was added 
to chola-5,20 (22 ) E-dien-30-ol (300.0 mg, 0.8758 mmol) in 30 
ml of acetone and the reaction was stirred 20 min. After 
25 quenching with 2-propanol (0.63 ml), the mixture was poured 
into 60 ml of water and extracted three times with 30 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 30 ml of saturated sodium bicarbonate + 30 
ml of brine, dried over magnesium sulfate, and filtered 
30 through diatomaceous earth. The residue was washed with 10 
ml of ethyl acetate and the combined filtrates were 
concentrated under reduced pressure. Recrystallization from 
aqueous ethanol gave a yellow solid (139.3 mg, 0.3929 mmol, 



15 
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45%), m. p. 109-116°C. TLC (25% ethyl acetate/hexanes on 
silica gel) shows a major product (R f 0.45) with 
contaminants at R f 0.24, 0.1, and 0.08 (chola-4 , 20 (22) E- 
dien-3-one R f 0.49) . 

5 Example 27 - Chola-4 . 20 (22) E-dien-3 -one . 27 . 

Aluminum isopropoxide (2.82 g, 13.8 mmol) in 26 ml 
of hot toluene was added to chola-5 , 20 (22) E-dien-30-ol 
(1.5777 g, 4.605 mmol) in cyclohexanone (26 ml, 0.25 mol) + 
130 ml of toluene and the reaction was refluxed 4 h with 

10 exclusion of moisture. After cooling, water (6.7 ml) and 
3.6 N sulfuric acid (16 ml) were added and the mixture was 
shaken 1 min. Further water (32 ml) was added, the mixture 
was shaken 5 min., and the aqueous layer was discarded. The 
volatile components were removed by azeotropic/steam 

15 distillation and the resulting aqueous suspension was 
extracted three times with 20 ml portions of methylene 
chloride. The combined organic extracts were dried over 
magnesium sulfate and filtered through diatomaceous earth. 
The residue was washed with 10 ml of methylene chloride and 

20 the combined filtrates were concentrated under reduced 
pressure- Recrystallization from aqueous ethanol with 
concomitant treatment with charcoal gave light yellow 
crystals (1.3317 g, 3.9104 mmol, 85%), m.p. 133-135°C. TLC 
(25% ethyl acetate/hexanes on silica gel) showed the product 

25 was homogeneous (R f 0.49; starting material R f 0.31). 

Example 28 - Chola-4 . 20 (22) E-dien-3fl-ol , 28 . 

A suspension of chola-4 , 20 (22) E-dien-3-one (2, 400.0 
mg, 1.175 mmol) and lithium tri- t-butoxyaluminohydride 
(1.2250 g, 4.8158 mmol) in 15 ml of anh. ether was stirred 
30 under argon for 8 h. Glauber's salt (6.07 g) was added, the 
mixture was stirred 5 min., and was then filtered through 
diatomaceous earth. The residue was extracted five times 
with 15 ml portions of ether and the combined filtrates were 
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concentrated under reduced pressure. Preparative TLC (5% 
ethyl acetate/methylene chloride on silica gel, 1000 \x) of 
the residue gave a light yellow solid (49.9 mg, 0.146 mmol, 
12%) homogeneous to TLC (5% ethyl acetate/methylene chloride 
5 on silica gel, R f 0.34; pregna-5 , 20-dien-3/3-ol R f 0.26). 

Example 29 - Chola-3 , 5 . 20 (22) E- trien-3-vl methvl ether, 29 . 

A mixture of chola-4 , 20 (22) E-dien-3 -one (808.6 mg, 
2.3 74 mmol) , 2 , 2 -dimethoxypropane (3.1 ml, 25 mmol) , 
dimethyl formamide (3.1 ml), methanol (0.13 ml), and p- 

10 toluenesulf onic acid monohydrate (28.0 mg, 0.147 mmol) was 
refluxed 4 h with exclusion of moisture. After cooling, 
sodium bicarbonate (0.17 g) was added and the mixture was 
partitioned between 30 ml of water and 50 ml of ether. The 
organic layer was washed with 30 ml of brine, dried over 

15 magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. 
Recrystallization of the resulting solid from acetone gave a 
light yellow solid (453.8 mg, 1.280 mmol, 54%), m.p. 94- 

20 96°C. TLC (10% ethyl acetate/hexanes on silica gel)_ showed 
product at R f 0.62 with a trace of starting material (R, 
0 .14) . 

Example 30 - Chola-4 , 20 ( 22 ) E-dien-6fl-ol -3 -one . 30 . 

3-Chloroperbenzoic acid (183.0 mg, 1.060 mmol) in 

25 5.9 ml of 1 , 2 -dimethoxyethane + 2.3 ml of water was added to 
chola-3, 5, 20 (22) E-trien-3-yl methyl ether in 5.9 ml of 1,2- 
dimethoxyethane over 2 1/2 min. After stirring the reaction 
a further 1/2 h, it was poured into 30 ml of saturated 
sodium bicarbonate and extracted three times with 3 0 ml 

30 portions of ethyl acetate. The combined organic extracts 
were washed with 30 g of 5% (w/w) sodium thiosulfate 
pentahydrate + three 30 ml portions of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
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The residue was washed with 10 ml of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
Flash chromatography (60% ethyl acetate/hexanes on silica 
gel) of the resulting solid and subsequent preparative TLC 
5 (50% ethyl acetate/hexanes on silica gel) of the resulting 
solid and subsequent preparative TLC (50% ethyl 
acetate/hexanes on silica gel, 1000 /x) gave a white 
crystalline solid (114.3 mg, 0.3206 mmol, 33%) consisting of 
two components by TLC (50% ethyl acetate/hexanes on silica 
10 gel; major R f 0.48, minor R f 0.41; chola-4 , 20 (22) E-dien-3- 
one R f 0 .74) . 

Example 31 - Measurement of Autonomic Responses to 

Stimulation of the VNQ . 

Various autonomic parameters were monitored as 
15 A1-P3 Pregna-4 , 16-dien-3-one 

A2-P3 Pregna-5, 16-dien-3/?-ol 

A8-P1 3-Methoxy-pregna-3, 5, 20-triens 

A6-P1 Pregna-4, 20-dien-3, 6-dione 

2 0, 21-Dimethylpregna-5, 20-dien-3/?-01 
20 20, 21-Dimethylpregna-5, 20-dien-3-one 

A14-P2 6/3, 19-Epoxypregna-4 , 17-dien-3 -one 

A7-P2 19 -Hydroxy -pregna-4 , 17 (20) -dien-3-one 

A13-P1 Pregna-4 , 20-dien-6j3-ol-3-one 

All-Pl Pregna-l,4,20-trien-3-one 
25 Al-Pl Pregna-4 , 20-dien-3-one 

A2-P1 Pregna-5, 2O-dien-30-ol 

A4-P1 Pregna-4, 20-3a-ol 

A3-P1 Pregna-4, 20-3/3-ol 

A1-P4 Preen-4-en-3-one 
30 A2-P4 Preen-5-en-30-ol 

was administered to 24 female and 24 male subjects using the 

procedure described in Example 32. Propylene glycol was 

also administered as a control. When compared to a 

propylene glycol control, the test compounds induced a 
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significant change in the integrated receptor potential in 
the VNO, galvanic skin response (GSR) , skin temperature 
(ST) , the percentage of cortical alpha wave activity as 
measured by electroencephalogram (EEG) , electrocardiogram 
5 (EKG) and respiratory frequency (RF) . The results are shown 
in FIGS. 2 through 58. Additional tests were performed on 
other pregnane derivatives, the results of which are shown 
in FIGS. 59-84. The results of tests on cholane derivatives 
are shown in FIGS. 85-96. 
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Example 32 - 19-Norprecma-4 , 20 -dien- 3fl-ol . 

A suspension of 19 -norpregna-4 , 20 -dien- 3 -one (0.38 
g, 13 mmol) and lithium tri - t -butoxyaluminohydride (1.36 g, 
5.35 mmol) in 20 ml of anh. ether was stirred S h at room 
5 temperature, which Glauber's salt (6.74 g) was added. The 
resulting mixture was stirred 5 min. and then filtered 
through a glass frit. The residue was washed with 5 20 ml 
portions of ether and the combined filtrates were 
concentrated under reduced pressure. The crude product was 
10 purified by preparative TLC on silica gel GF using 5% ethyl 
acetate/methylene chloride as eluent to give a yellow resin 
(39.6 mg, 0.138 mmol, 11%) homogeneous to TLC (5% ethyl 
acetate/methylene chloride on silica gel; R f 0.29). 

Example 33 - 19 -Nororeana- 1 . 3 . 5 ( 10 ) , 17 , 20-pentaen-3 -ol . 

15 To a suspension of lithium aluminum hydride (LAH, 

256.1 mg, 6.748 mmol) and aluminum chloride (296.8 mq, 2.227 
mmol) in 20 ml of anh. ether under argon was added 
ethinylestradiol (1.0000 g, in 20 ml anh. ether. After 
refluxing 20 h the reaction was quenched with the addition 

20 of Glauber's salt (2.00 _g) and stirring a further 2 h. The - 
mixture was then filtered through diatomaceous earth and the 
residue was washed with 3 10 ml portions of ethyl acetate. 
Concentration of the combined filtrates, flash 
chromatography on silica gel with 15% ethyl acetate/hexanes, 

25 and twofold recrystallization from aqueous ethanol gave 
slightly tan needles (367.5 mg, 1.311 mmol, 39%), m.p. 
132-133°C / homogeneous to TLC (20% ethyl acetate/hexanes on 
silica gel; R f 0.36; estra- 1 , 3 , S ( 10 ) , 16 - tetraen- 3 -ol R £ 
0.36) . 



30 Example 34 - 19-Norpreana-l . 3 . 5 ( 1 ) - trien- 3 -ol-20jS-yne . 

To a cooled (dry ice/acetone bath) solution of 19- 
norpregna-1, 3, 5 (10) , 17, 20-pentaen- 3 -ol (2, 280.4 mg, 1.000 
mmol) in 28 ml of anh. THF under argon was added n-BuLi 
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(2.5 M in hexane, 1.2 ml, 3.0 mmol) over 10 min . Stirring 
was continued for 18 h, during which the reaction was 
allowed to gradually warm to 15 RT. The reaction was 
quenched with 25 ml of 1 N HC1 and then extracted with 3 10 
5 portions of ether. The combined organic extracts were 

washed with 25 ml of saturated sodium bicarbonate +25ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The reside was washed with 10 ml of 
ether and the combined filtrates were concentrated under 

10 reduced pressure. Flash chromatography of the resulting 
yellow resin on silica gel with 20% ethyl acetate/hexanes , 
followed by recrystallization from aqueous ethanol gave 
fine, white needles (150.5 mg, 0.5367 mmol, 54%), m.p. 
148-149°C, homogeneous to TLC (20% ethyl acetate/hexanes on 

15 silica gel; R f 0.34; starting material R f 0.37). 

Example 35 - 19 -Norpregna- 1 , 3 . 5 ( 10 ) . 16 . 20 -pentaen- 3 -ol . 

19-Norpreana-1.3 .5 (10) , 16-tetraen-3-ol-20-yne (200.0 
mg, 0.7184 mmol) in 9 ml anh. THF was added to approx. 3 0 
ml of anh. ammonia. Sodium (0.07 g, 3 mg-atom) was added in 

20 small pieces and the reaction was stirred 1 h, during which 
the color disappeared. Abs. ethanol (3 ml) was added and 
the mixture was allowed to warm to RT overnight. HC1 (1 N, 
20 ml) was added the mixture was extracted three times with 
10 ml portions of methylene chloride. The combined organic 

25 extracts were washed with 10 ml of brine, dried over 

magnesium sulfate, is and filtered through diatomaceous 
earth. The reside was washed with 10 ml of methylene 
chloride and the combined filtrates were concentrated under 
reduced pressure. Preparative TLC (silica gel GF, with 20% 

30 ethyl acetate/hexanes) of the resulting amber resin, 

followed by recrystallization from benzene/hexanes gave an 
off-white powder, m.p. 123-125°C. TLC (20% ethyl 
acetate/hexanes) showed a major product (R f 0.38) with a 
minor contaminant (R f 0.04). 
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Example 36 - 19-Norprecrna-5 (10) , 20-dien-3-one . 

19-Norpregna-2, 5 (10) , 20-trien-3-yl methyl ether 
(750.0 mg, 2.513 mmol) was dissolved in 80 ml of acetone and 
oxalic acid <0.88g, 7.0 mmol) in 12 ml of water was added. 
5 Further acetone (20 ml) was added to bring most of the 

precipitate back into solution and the reaction was stirred 
6 h. Following saturated sodium bicarbonate quench (30 ml) 
the reaction mixture was twice with 40 ml portions of ethyl 
acetate. The combined organic lo extracts were washed twice 

10 with 50 ml portions of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. . The reside was 
washed with 25 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (10% ethyl acetate/hexanes on 15 silica gel) 

15 gave a colorless resin (0.54 g, 1.9 mmol, 76%). 

Example 37 - 19-Norpreana-5 (10 ) , 20-dien-3 -ol . 

To an ethereal (8.4 ml) solution of 
19-norpregna-5 (10) , 20-dien-3-one (0.42 g, 1.5 mmol) was 
added 6 9.7 mg (1.84 mmol) of LAH and the reaction was 

20 stirred 30 min. Glauber's salt (2.79 g) was added and the 

suspension was stirred an additional 10 ml. The mixture was 
then filtered through diatomaceous earth and the residue was 
extracted with 435 ml portions of ether. The combined 
filtrates were concentrated under reduced pressure and the 

25 resulting oil was flash chromatographed (20% ethyl 

acetate/hexanec on silica gel) to give an off-white foam 
(0.38g, 1.3 mmol, 88%). 

Example 38 - 19 -Norprecma-4 . 20 -dien- 10fi-ol -3 -one . 

19-Norpregna-5 (10) , 20-dien-3 -one (5,0.45 g, 1.6 
30 mmol) in DMF (5.7 ml) was cooled in an ice -acetone bath and 
Jones reagent (2.67 M, 0.19 ml, 0.51 mmol) was added. After 
stirring 1 l/2h a further 0.19 ml of Jones reagent were 
added. Stirring was continued 45 min., after which 0.38 ml 
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of Jones reagent were added. The reaction was quenched 
after stirring 1 more hour by the addition of 2-propanol 
(0.38 ml). Ethyl acetate (100 ml) was added and the mixture 
was washed with 3 50 ml portions of water + 50 ml of brine, 
5 dried over magnesium sulfate, and filtered through 

diatomaceous earth. The residue was washed with 10 ml of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Preparative TLC on alumina with 50% 
ethyl acetate/hexanes gave a white, crystalline fill (89.2 
10 mg, 0.297 mmol, 19%). TLC (50% ethyl acetate/hexanes on 
silica gel) showed mostly produce (R f 0..46), contaminated 
with a little starting material (R f 0.73). 

Example 39 - 19-Norpreqna-4 . 9 ( 10 ) , 20 - 1 rien- 3 -one . 

A solution of 19-Norpregna- 5 ( 10 ) , 20-dien-3 -one (0.34 

15 g, 1.2 mmol) in anh. Pyridine (4.0 ml, 49 mmol) was cooled 
in an ice-salt bath to S below -80C and solid pyridinium 
bromide perbromide (1.26 g, 3.94 mmol) was added at such a 
rate that the reaction temperature did not exceed -2°C. 
After stirring 1 min. , 0.20 g of phenol were added, the cold 

20 bath was removed, and the reaction was stirred at RT for 24 . 
h. Ethyl acetate (50 ml) was 10 added and the mixture was 
washed with 50 ml of 1 N HC1 + 25 ml of saturated CuS0 4 + 25 
ml of 5% sodium hydroxide + 25 ml of water + 25 ml of brine. 
The mixture was then dried over sodium sulfate for 4 h and 

25 afterwards filtered through a glass frit. The residue was 
washed with 10 ml of ethyl acetate and 15 the combined 
filtrates were concentrated under reduced pressure. The 
resulting dark syrup (512.8 mg) was taken up in 8 ml of abs . 
ethanol, zinc dust (2 60.8 mg, 3.990 mg-atom) was added, and 

30 the suspension was refluxed 1/2 h. The reduction mixture 
was filtered through cotton and the residue was washed with 
10 ml of ethanol. Concentration of the combined filtrates 
and two- fold purification by preparative TLC, first on 
silica gel GF (1000 \l $ 20% ethyl acetate/hexanes as eluent) 
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then on alumina GF (1000 y. t 20% ethyl acetate/hexanes) , gave 
a nearly colorless resin (152.8 mg, 0.5410 mmol, 45%) 
homogeneous to TLC (R f 0.22, 10% ethyl acetate/hexanes on 
silica gel; pregna-4 , 20-dien-3-one R f 0.25). 

5 Example 40 - 19-Nororegna-l , 3 . 5 (10) , 20-tetraen-3 -ol . 

Ethynylestradiol diacetate (2.0004 g, 5.2576 mmol) 
in 10 0 ml of anh. THF was added to approx. 14 0 ml of anh. 
NH 3 and sodium (1.88 g, 81.8 mg-atom) was added in small 
slivers over 5 min. After stirring the dark blue solution 1 
h, abs. ethanol was added and the reaction was allowed to 
gradually warm to RT overnight. 100 ml of 1 N HC1 were 
added, the layers were separated, and the aqueous layer was 
extracted twice with 50 ml portions of ether. The combined 
organic phases were washed with 3 100 ml portions of brine, 
derived over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ether and the combined filtrates were concentrated under 
reduced pressure. The residue was taken up in 25 ml of 
methylene chloride, dried over sodium sulfate, and filtered 
through diatomaceous earth. The residue was washed twice 
with 10 ml portions of methylene in chloride and the 
combined filtrates were concentrated under reduced pressure. 
Flash chromatography (15% ethyl acetate/hexanes on silica 
gel) gave a white, crystalline solid with yellow spots (0.86 
g, 3.0 mmol, 58%) . 

Example 41 - 19-Norpregna-l , 3 . 5 (10) , 20-tetraen-3-yl methyl 
ether . 

To crude 19-Norpregna-l, 3 , 5 (10) , 20-tetraen-3-ol (9, 
0.86g, 3.0 mmol) in 75 ml of 90% ethanol was added 5 
30 potassium carbonate (6.73 g, 55.2 mmol) and the suspension 
was refluxed 1/2 h. Dimethyl sulfate (0.75 ml) was added 
and the reaction was refluxed a further 1/2 h. Dimethyl 
sulfate was added in 3 1.8 ml aliquots (total = 6.15 ml, 
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65.0 mmol) over 1 h, and reflux was continued for 1/2 h. 
Ice water (65 ml) was added and the mixture was cooled in an 
ice bath and stirred for 2h. The suspension was centrifuged 
and then filtered through a coarse frit. The residue was 
5 washed with 50 ml of water + 50 ml of 5% sodium hydroxide + 
3 50 ml portions of water. The residue was recrystallized 
from aqueous ethanol to give fine white needles, m.p. 
108.5-110°C (lit. m.p. 108-110°C) . 

Example 42 - 19-Norpreana- 1 . 3 , 5 (10) . 16 - tetraen-6 -on-20-yn-3 - 

10 yl-acetate . 

Chromium trioxide (2.68 g, 2.68 mmol) was suspended 
in 40 ml of methylene chloride and the suspension was cooled 
in an ice-salt bath to -8°C. 3 , 5-Dimethylpyrazole (2.58 g, 
26.8 mmol) was added and the suspension was stirred 20 min. 

15 19-Norpregna-l, 3 , 5 (10) , 16-tetraen-20-yn-3-yl acetate (0.86 
g, 2.7 mmol) was added over 5 min., so that the reaction 
temperature did not exceed -7°C. After stirring an 
additional 2 h, the reaction mixture was poured through a 30 
mm x 116 mm column of silica gel and elution was continued 

20 under pressure with methylene chloride. Concentration of 
appropriate fractions gave a brown film (0.16 g, 0.48 mmol, 
18%) . 

Example 43 - 19-Norpreana-l , 3 , 5 (10) . 16-tetraene-3 . 6fl-diol- 
20-yne . 

25 Crude 19-nonpregna-l , 3 , 5 ( 10 ) , 16 -tetraen- 

6-on-20-yn-3-yl acetate (11, 0.16 g, 048 mmol) was suspended 
in 20 anh. ether, LAH (36.7 mg, 0967 mmol) was added, and 
the mixture was refluxed with exclusion of water for 18 h. 
After cooling, 1.22 g of Glauber's salt were added and the 

30 suspension was stirred 1/2 h. The mixture was filtered 

through diatomaceous earth and the residue was washed with 4 
10 ml portions of hot Concentration of the combined 
filtrates, ethyl acetate, followed by purification by 
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preparative TLC (50% ethyl acetate/hexanes on silica gel GF , 
1000 m) gave a white solid (26.0 mg, 88.3 mmol, 18%) 
homogeneous to TLC (50% ethyl acetate/hexanes on silica gel; 
R f 0.48) . 

5 Example 44 * 19-Norpregna-l , 3 . 5 ( 10 ) , 17- tetraen- 3 -ol . 

Ethyltriphenylphosphonium bromice (1.3 947 g, 3.7572 
mmol) and potassium t-butoxide (422.5 mg, 3.76 5 mmol) 
suspended in anh. DMSO (4.1 ml) under argon were placed in 
an oil bath (80-84°C) and stirred 1 h. Equilin (200.2 mg, 

10 0.7459 mmol) in 4.1 ml of anh. DMSO was- added and the 

reaction was stirred a further hour. After cooling, 25 ml 
of ice-1 N HC1 was added and the mixture was extracted three 
times with 20 ml portions of ether. The combined organic 
extracts were washed with 25 ml of saturated sodium 

15 bicarbonate + 25 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ether and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(20% ethyl acetate/hexanes on silica gel) followed by 
-20 preparative TLC (20% ethyl acetate/hexanes on silica gel GF, 
1000^) gave a slightly yellow resin (182.9 mg, 15 0.6523 
mmol, 87%) homogeneous to TLC (20% ethyl acetate/hexanes R f 
0 .42) . 

Example 45 - 19-Norpregna-l , 3 , 5 (10) , 617-pentaen-3-ol . 

25 Ethyltriphenylphosphonium bromide (1.3945 g, 3.7561 

mmol) and potassium x -butoxide (422.8 mq, 3.768 mmol) 
suspended in 4. J ml of anh. DMSO under argon were placed in 
a 77-790C bath and were stirred 1 h. 6 -Dehydroestrone 
(200.4 mg, 0.7466 mmol) in 4 . 1 ml of anh. DMSO was added 

30 and the reaction was stirred in 1 h. The reaction mixture 
was allowed to cool and was then poured into 25 ml o fice-1 
N HC1 . The mixture was extracted three times with 20 ml of 
ether and the combined organic extracts were washed with 2 5 



- 192 - 



WO 98/03207 



PCT7US97/13035 - 



ml of saturated sodium bicarbonate + 25 ml of brine, dried 
over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 10 ml of ether and the 
combined filtrates were concentrated under reduced pressure. 
5 Flash chromatography {15% ethyl acetate/hexanes) and 

preparative TLC (15% ethyl acetate/hexanes on silica gel GF, 
1000 fi) gave an off-white crystalline solid (212.9 mg, 
>100%) homogeneous to TLC (15% ethyl acetate/hexanes on 
silica gel, R f 0.21) . 

10 Example 46 - 19-Norprecrna- 1 , 3 , 5 ( 10) . 6 , 8 ..17 -hexaen-3 -ol . 

Ethyl triphenylphosphonium bromide (1.3945 g, 3.7561 
mmol) and potassium t-butoxide (422.3 mg, 3.763 mmol) 
suspended in 4.1 ml of anh. DMSO under argon were placed in 
an oil bath (74-83°C) and the reaction was stirred 1 h. 

15 Equilenin (200.2 mg, 0.7518 mmol) in 4 . 1 ml of anh. DMSO 
was added and the reaction mixture was stirred a further 
hour. The mixture was poured into 25 ml of ice-1 N HC1 and 
extracted three times with 20 ml portions of ether. The 
combined organic extracts were washed with 2 5 ml of 

-20 saturated sodium bicarbonate + 25- ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (2 0% ethyl acetate/hexanes) and preparative 

25 TLC (20% ethyl acetate/hexanes on silica gel GF, 1000 /i) 

gave a light yellow, crystalline wax (180.6 mg, 0.64 87 mmol, 
86%) homogeneous to TLC. 

Example 47 . 

The following study compares the effect of 23 
30 vomeropherins with 19-norpregnane structure, and placebo 

(propylene glycol), on autonomic activity and EEG . Twelve 
healthy human subjects (6 women and 6 men), ages 19 to 29 
participated in this study. All substances were delivered 
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airborne to the vomeronasal organ (VNO) puff lasting 5 
seconds. For this purpose we use a miniprobe electrode 
described elsewhere, that allowed local stimulation and 
simultaneous recording of the organ's electrovomerogram 
5 (EVG) . The parameters recorded were: electrodermal activity 
(EDA) , respiratory frequency (RF) , electrocardiogram (CF) , 
electromyogram (EMG) , body temperature (BT) , and EEG from 
CzAl and T3A1 . Autonomic activity, EEG and EVG were 
recorded using surface electrodes. All the techniques used 
10 were noninvasive. The procedure was done in two recording 
sessions each lasting one hour. The electrical recordings 
were amplified, digitized, and monitored and stored in a 
computer. Processing and analysis of the results were done 
offline . 

15 The data on the tests on the women is shown in FIGS. 

99-120, and the data on the men is shown in FIGS. 121-142. 

The results were summarized in the following tables 

showing the overall effect of each vomeropherin already 

subtracted from control. An arbitrary score from 0 to 5 was 
20 assigned to compare the activity of the compounds relative 

to each other, _but .virtually -all of the compounds tested had - - 

some effect. 

These results show that the effect of some 

vomeropherins on autonomic activity and EEG is significantly 
25 different from placebo. Also shown is that some substances 

do not have significantly different effects in both genders. 

Example 48 - Synthesis of Estra-1 . 3 . 5 (10) . 16-tetraen-3-ol . 

The following method of synthesis is depicted in 
Figure 1 : 

30 Estrone p-Toluenesulf onylhydrazone 

Estrone (270 g, 1.00 mole) and p- 
toluenesulfonylhydrazide (232.8 g, 1.25 mole) in dry 
methanol (2.5 liters) were heated under reflux for 20 hours. 
The mixture was transferred to a conical flask and allowed 
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to cool. The crystalline product was filtered off under 
suction and washed with methanol (300 ml) . Further crops of 
product were obtained by sequentially evaporating the 
filtrate to 2000 ml, 800 ml and 400 ml, and allowing to 
5 crystallize each time. Total yield was 433.5 g (99%). 

1, 3, 5 (10) , 16-Estratetraen-3-ol 

Estrone p- toluenesulf onylhydrazone (219. 9 g, 500 m 
mole) in dry tetrahydrof uran (8.0 liters) was cooled in a 
sodium chloride/ice bath. The mixture was mechanically 

10 stirred while n-butyl lithium (800 ml of -a 2.5 M solution in 
hexane, 2.00 mole) was added via double-ended needle. The 
mixture was stirred at room temperature for 3 days. Ice 
(250 g) was added, followed by saturated ammonium chloride 
solution (500 ml) . The phases were mixed by stirring and 

15 then allowed to settle. The aqueous phase was removed via 
aspiration with teflon tube and extracted with ether (500 
ml) . The two organic phases were sequentially washed with 
the same batch of saturated sodium bicarbonate solution (500 
ml) followed by saturated sodium chloride solution (500 ml) . 

20 The organic layers were dried (MgSOJ and evaporated in 

vacuo to give crude product. This was subjected to flash 
filtration on 500 g silica gel 60, 230-400 mesh, eluting 
with ethyl acetate/hexane (25.75, 2.5 liters) The filtrate 
was evaporated in vacuo to give crystalline material. The 

25 product was recrystallized from methanol (300 ml) /water (75 
ml) washing with methanol (80 ml)/ water (20 ml). Further 
recrystallization from ethyl acetate/hexane (12.5:87.5) gave 
pure product (88.9 g, 70%). 

Example 49 - Synthesis of Acvl derivatives of 1.3.5(10), 16- 
30 Estratetraen-3 -ol . 

To 1, 3 , 5 (10) , 16-Estratetraen-3-ol (254 mg, 1.00 
Mmole) in ether (10 ml) is added acetic anhydride (0.25 ml) 
(or propionic anhydride for the propionate) followed by 
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pyridine (0.25 ml) and the mixture is stirred at room 
temperature for 16 hours. The mixture is poured into 
ice/water and extracted with ether (2 X 20 ml) . The organic 
extracts are washed with water, saturated copper sulfate 
5 solution, water, and saturated sodium chloride solution, 
dried (MgSOj and evaporated in vacuo to give, the pure 
product (192 mg, 65%) . 

Example 50 - Synthesis of Estra-4 , 16 -dien-3 -one . 

To estra-1, 3 , 5 (10) , 16 -tetraene-3 -methyl ether 

10 (551.5 mg., 2.055 mmol) in 8 . 6 ml of anhydrous THF, 

approximately 30 ml of anhydrous ammonia, and 6.76 g of t- 
butyl alcohol was added lithium wire (0.24 g, 35 mg-atom) 
cut in small pieces. The reaction mixture was refluxed 4 
1/2 h under argon, after which methanol (2.3 ml) was added 

15 and the ammonia was allowed to boil off overnight. The 

residue was dissolved in 25 Ml of methanol and was acidified 
to approximately Ph 1 with 5N HCI . After heating in an oil 
bath between 55 and 70 C for 15 min. the cooed hydrolysis 
mixture was partitioned between 25 ml of water and 50 ml of 

20 ethyl acetate and the aqueous phase was extracted with 25 ml 
of ethyl acetate. The combined organic extracts were washed 
with 25 ml of saturated sodium bicarbonate and 25 ml of 
brine, dried over magnesium sulfate, and filtered. Removal 
of solvent under reduced pressure yielded 0.57 g of oily 

25 residue which was purified by flash chromatography on silica 
gel (eluent: 15% ethyl acetate/hexane) followed by 
recrystallization from pentane to give crystals (206.1 mg, 
39%) homogeneous to TLC, m.p. 67-71 C. 

Example 51 - Synthesis of Estra-2 . 5 (10) , 16-triene-3-methvl 
30 ether . 

To Estra-1, 3, .5 (10) , 16-tetraene-3-methyl ether (1.22 
g, 4.54 mmole) in 19 ml of anhydrous THF, 14.99 g of t-butyl 
alcohol, and approximately 70 ml of anhydrous ammonia was 
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added lithium wire (0.53 g, 76 mg-atom) cut in small pieces. 
After refluxing under argon for 6 h the reaction was 
quenched with 5 ml of methanol and ammolonia was allowed to 
boil off overnight. A suspension of the residue in 100 ml 
5 of water was extracted twice with 100 ml portions of ethyl 
acetate and the combined organic extracts were washed with 
brine and dried over magnesium sulfate. Following solvent 
removal under reduced pressure the residue was flash 
chromatographed on silica gel using 1% ethyl acetate/hexane 
10 as eluent and then recrystallized from abs . ethanol to give 
fluffy white crystals {884.1 mg, 3.269 mmole, 72%) , m.p. 72- 
73 C, homogeneous to TLC. 

Example 52 - Synthesis of Estra-5 (10) . 16-dien-3 -one . 

Estra-2,5 (10) , 16-triene-3-methyl ether (2) (646.3 

15 mg, 2.390 mmole) , dissolved in 50 ml of acetone was 

hydrolyzed for 6 h at room temperature using oxalic acid 
dihydrate (0.84 g, 6.7 mmole). The reaction mixture was 
quenched with 2 5 ml of saturated sodium bicarbonate and then 
extracted twice with 25 ml portions of ethyl acetate. The 

20 - combined organic, extracts were washed twice with 25 ml of _ 
brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was 
recrystallized from hexane to give product (462.5 mg, 1.804 
mmole, 75%), m.p. 112-116 C. 

25 Example 53 - Synthesis of Estra-5 (10) . 16-dien-3 -ols (4). 

Estra-5 (10) , 16-dien-3-one (3) (301.1 mg, 1.174 
mmole) , in 6 ml of anhydrous ether was reduced for 1 h at 
room temperature using lithium aluminum hydride (50.0 mg, 
1.32 mmole). After quenching with sodium sulfate 

30 decahydrate (2.00 g) for 10 min. the suspension was filtered 
through Celite and the residue washed with four 25 ml 
portion of ether. The combined filtrates were concentrated 
under reduced pressure and purified by flash chromatography 
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(silica gel, 5% ethyl acetate/hexanes eluent) with 
subsequent preparative TLC of mixed fractions. The more 
polar product could be recrystallized with considerable loss 
from aqueous ethanol to give 4.8m mg of solid. The less 
5 polar product was recrystallized from aqueous methanol to 
give white crystals (59.5 mg) , m.p. 98-100 C. Total yield 
was 64.3 mg (0.249 mmol, 21 %) . 

Example 54 - Synthesis of Estra-4 . 9 . 16 - trien- 3 -one . 

Estra-5 (10, 16 -dien-3 -one (3) (0.38 g, 1.5 mmole) , in 

10 pyridine (5.0 ml, 62 mmol) was cooled in an ice-salt bath to 
-13 C and pyridinium bromide perbromide (1.58 g, . 4 . 94 mmole) 
was added in small portions so that T<-4 C. After swirling 
1 min. phenol (0.25 g, 2.7 mmole) was added and reaction 
continued 24 h at room temperature. Ethyl acetate (50 ml) 

15 was added and the reaction mixture was washed with 2 5 ml of 
IN HCI, two 25 ml portions of saturated copper sulfate, 25 
ml of 5% sodium hydroxide, and 2 5 ml of brine. After drying 
our magnesium sulfate, filtration, and concentration under 
reduced pressure the residue was taken up in 10 ml of abs . 

20 ethanol, granular zinc (0.33 g, 5.0 mg- atom) was- added, and 
the mixture was refluxed 1/2 h. The supernatant was 
removed, the residue was washed with 10 ml of abs. ethanol, 
and the combined supernatants were concentrated under 
reduced pressure. The resulting resin was flash 

25 chromatographed on silica gel using 15% ethyl acetate/hexane 
as eluent. Appropriate fractions were pooled, concentrated, 
and then recrystallized from hexane to give solid product 
(117.5 mg, 0.4619 mmol, 31%), m.p. 87-92 C. 

Example 55 - Synthesis of Estra-1. 3 . 5 (10) . 16-tetraen- 
30 6 -one -3 -acetate . 

Chromium trioxide (13.40 g, 0.1340 mol) was 
suspended in 200 ml of methylene chloride and then cooled to 
-10°C in an ice-salt bath. 3 , SDimethylpyrazole (12.90 g, 
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0.1342 mol) was added and the mixture was stirred 20 min. 
Estra-1, 3,5(10) , 16tetraen-3 -yl acetate (4.00 g, 13.5 mmol) 
in a chilled solution of 20 ml of methylene chloride was 
added and action stirred 2 h, during which time T<-8°C. 
5 Mixture was then filtered through 200 g of silica gel and 
the product was eluted with further methylene chloride. 
After combining and concentrating appropriate fractions the 
crude product was flash chromatographed on silica gel using 
15% ethyl acetate/hexane as eluent. Pooling of appropriate 
10 fractions and concentration under reduced pressure yielded a 
white solid (0.92 g, 3.0 mmol, 22%), m.p.. 87-103°C. 

Example 56 - Synthesis of Estra-1 , 3 , 5 ( 10) , 16-tetraen- 
3-ol-6 -one . 

Estra-1, 3 , 5 (10) , 16-tetraen-6-one-3-acecate (203 . 1 
15 mg, 0.6543 mmol) in 30 of methanol was saponified with 1.5 
ml of 5% (w/w) sodium hydroxide for 40 min. The reaction 
mixture was concentrated under reduced pressure, taken up in 
50 ml of water, neutralized with IN HCI, and extracted three 
times with 25 ml portions of methylene chloride. The 
20 combined organic extracts were washed with 50 ml of brine, 
dried over magnesium sulfate, filtered, and concentrated to 
give a white solid which was purified by recrystallization 
from benzene/hexane and preparative TLC to give white 
crystalline solid (52.8 mg, 0.197 mmol, 30%), m.p. 
25 188-191°C. 

Example 57 - Synthesis of Estra-1 . 3 . 5 ( 10 ) , 16 - tetraen- 6of- 
ol-3 -vl acetate . 

Estra-1, 3 , 5 (10) , 16 -tetraen- 6 -one- 3 -yl -acetate (421 .4 
mg, 1.358 mmol), suspended in 35 ml of 95% ethanol was 
30 reduced with sodium borohydride (98.8 mg, 2.61 mmol) for 100 
min. at room temperature. After concentrating under reduced 
pressure the residue was suspended in 25 ml of water, 
neutralized with IN HCI, and extracted three times with 25 
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ml portions of methylene chloride. The combined organic 
extracts were washed with 25 ml of brine, dried over 
magnesium sulfate filtered, and concentrated. The resulting 
white foam was flash chromatographed on silica gel using 25% 
5 ethyl acetate/hexane as eluent. Combining fractions and 
concentration gave a white solid (0.12 g, 0.38 mmol, 28%), 
m.p. 209-212°C. 

Example 58 - Synthesis of Estra- 1 , 3 , 5 ( 10 ) . 16 -tetraene-3 
6-diol . 

0 To a suspension of lithium aluminum hydride (LAH, 

95%, 46.9 mg, 1.17 mmol) in 5 ml of anhydrous THF was added 
estra-1, 3 , 5 (10) , 16-tetraen-6-one-3-yl-acetate (6) (422.9 mg, 
1.3 60 mmol) in 5 ml of anhydrous THF dropwise, with 
stirring. The reaction was stirred 50 min., after which 

5 further LAH (46.5 mg, 1.16 mmol) was added and the reaction 
stirred 22 h. After refluxing 4 h TLC still showed starting 
material. The reaction was quenched with 0.5 ml of water + 
0.5 ml of 20% (w/w) sulfuric acid and concentrated under 
reduced pressure. The residue was extracted four times with 

0 10 ml portions of hot ethyl acetate and filtered through 
Celite. The combined filtrates were concentrated and 
purified twice by flash chromatography to give solid product 
(0.05 g, 0.2 mmol, 10%), m.p. 150-157°C. 

Example 59 - Synthesis of Estra-1 3 . 5 (10) . 7-tetraen- 
5 3-ol . 

To a suspension of equilin (100.2 mg, 0.3733 mmol) 
in 2 ml of diethylene glycol were added hydrazine (59 pL, 
1.9 mmol) and potassium hydroxide (0.04 g, 0.7 mmol). The 
mixture was stirred in an oil bath at 200-214°C for 2 h, 
0 after which the cooled reaction was diluted with 10 ml of 
water, neutralized with IN HC1, and extracted three times 
with 25 ml of ether. The combined organic extracts were 
washed with 10 ml of brine, dried over magnesium sulfate, 



- 200 - 



WO 98/03207 



PCT/US97/13035 



filtered, concentrated, and purified by preparative TLC 
(silica gel, 15% ethyl acetate/hexane eluent) to give a 
yellow resin. 

Product was further purified by decolorizing with 
5 charcoal and recrystallization from aqueous ethanol to give 
tan crystals (13.2 mg, 51.9 jiM, 14%), m.p. 130-134°C. 

Example 60 - Synthesis of 20-Homoestra-l . 3 , 5 (10) . 
6.8. 17-hexaen-3 -ol . 

A suspension of triphenylmethylphosphonium bromide 

10 (671.0 mg, 1.878 mg) and potassium t-but-oxide (212.1 mg, 
1.890 mmol) in 2 . 1 ml of anhydrous DMSO was heated in a 
76-86°C bath under argon for 1 h, after which equilenin 
(100.1 mg, 0.3579 mmol) in 2.1 ml of anh. DMSO was added 
and the green solution was stirred 1 h. After cooling 10 ml 

15 of ice- IN HCl were added and the mixture was extracted with 
three 10 ml portions of ether. The combined organic extracts 
were washed with 10 ml of saturated sodium bicarbonate + 10 
ml of brine, dried over magnesium sulfate, filtered through 
Celite, and concentrated under reduced pressure. The 

20 residual orange oil was purified by preparative TLC (silica 
gel, 25% ethyl acetate/hexane) to give product (75.5 mg, 
0.286 mmol, 76%) homogeneous to TLC, m.p. 113-121°C. 

Example 61 - Synthesis of 20-Homoestra-l . 3 . 5 (10) . 
6.8. 17-hexaen-3 -ol . 

25 Estra-1, 3 , 5 (10) , 6-tetraen-3 -ol-17-one (91.1 mg, 

0.339 mmol), hydrazine (54 /zL, 1.7 mmol), and potassium 
hydroxide (0.06 g) in 1.8 ml of diethylene glycol were 
heated in a 200°C bath under argon for 2 h. After cooling 
to RT 10 ml of water were added and the solution was 

30 acidified to pH~2 with IN HCl. The resulting suspension was 
extracted three times with 10 ml of ether and the combined 
organic extracts were washed with 10 ml of brine, dried over 
magnesium sulfate, filtered through Celite, and concentrated 
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under reduced pressure. The crude solid was purified by 
preparative TLC (25% ethyl acetate/hexane on silica gel) to 
give product homogeneous to TLC {5.9 trig, 23 mmol, 7%). 

Example 62 - Synthesis of Estra-4 16-dien-3 -ol . 
5 To estra-4 , 16-dien-3-one, (1) (87.2 mg, 0.340 mmol) 

in 1.7 ml of anh. ether was added lithium aluminum hydride 
(15.0 mg, 0.395 mmol) and the suspension was stirred 17 min. 
Reaction was then agitated 10 min. with 0.50 g of sodium 
sulfate decahydrate and filtered through Celite. The 
10 residue was washed with three 10 ml portions of ether and 
the combined filtrates were concentrated under reduced 
pressure. Preparative TLC (5% ethyl 

acetate/dichloro-methane on silica gel) gave crude product 
(50.0 mg) as a yellow resin. This could be 
15 rechromatographed until sufficiently pure. 

Example 63 - Estra-4 , 16 -dien-3 -one . 

This synthesis is depicted in Figure 153. 19- 
Nor-testosterone (XIX) is commercially available, e.g., from 
Chemical Dynamics Corp. It provides the starting material 

20 for l9-Nor-16-androstene derivatives. 19-Nor- testosterone 
(XIX) was converted into the acetate (Hartman, J. A. et al . , 
J. Am. Chem. Soc . (1956) 78:5662) with acetanhydride and 
pyridine. (a) A solution of this acetate (4.8 g, 15.17 
mmol) in toluene (10 ml) was pyrolyzed (b) at 540° (200 

25 Torr, slow N2-stream) in a glass tube packed with quartz 
pieces. Chromatography of the crude pyrolysate (3.1 g) on 
silica gel (150 g) with CH 2 Cl 2 gave 1.1 g (28%) of the 
homogenous oily ketone 9; +57.9° (C 1) ((27] : m.p. 71-73°). 
- IR. (CHC1 3 ) : 1660s, 1615m, 1585w, - 1 H-NMR . (90 MHz): 0.84 

30 (s, 3 H) ; 5.82 (m, 2 H) ; 5.87 (br. s, 1 H) . 
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F.vam ple 64 - Estr- 16 -e n- 3 -one 

This synthesis is depicted in Figure 153. 19- 
nor-testosterone was reduced to 19-nor- 5a-Androstan- 17 -ol-3 
-one (XX) with lithium and ammonia (c) according to the 
5 method of Villotti, R. , et al. ( J. Am. Chem. Soc . (1960) 

82:5693). Androsta- 5a , 17-diol -3 -one (XX) was converted into 
the acetate (Hartman, J. A. et al . , J. Am. Chem. Soc. (1956) 
78:5662) with acetanhydride and pyridine (a) . A solution of 
17B-acetoxy-5a-Estran-3-one (8.0 g, 25.1 mmol) in 
10 octane/acetone 10:1 (22 ml) was pyrolyzed (b) at 550° (200 
Torr, slow N 2 -stream) Chromatography of the crude product 
(5.4 g> on silica gel (600 g) with CH 2 C1 2 and 
recrystallization of the homogenous fractions from PE gave 
3.13 g (48.3%) of the pure ketone 10. M.p. 51-54°, tal- 
is + 72.8° (C1.0). -IR. (CHC1 3 ) : 1705s, 1585w, - l H-NMR. (90 
MHz): 0.79 (s, 3 H) ; 5.71 (m, 1 H) ; 5.87 (m, 1 H) . 

Example 65 - Estra-16-en-3a-ol . 

This synthesis is depicted in Figure 153. L- 
Selectride (d, lithium tri (sec -butyl ) hydridoborate, 4 ml of 

20 a 1 M solution in THF, 4 mmol) was added dropwise at 0° to a 
solution of ketone 10 (800 mg, 3.10 mmol) in dry ether (5 
ml) . After stirring for 1-h at 0°, water was added (10 ml) . 
The boranes were oxidized by adding 10% aq. NaOH-solution 
(5 ml) , followed by 30% aq. H202 -solution (3 ml) and 

25 stirring for 3 h at RT. After workup (ether), the crude 
product (790 mg, Ca. 9:1 mixture of 11 and 12) was 
chroma tographed on silica gel with CH2Cl2to give 700 mg 
(87%) of pure alcohol 11. M.p. 119-120° -123-124° (from PE) , 
[a]D +40.6° (C = 1.0). - IR. (CHC13) : 3640m, 3500 br . , 

30 1585w. - 1H-NMR. (90 MHz): 0.78 (s, 3 H) ; 4.09 (m, w^ « 8 , 1 
H) ; 5.71 (m, 1 H) , 5.87 (m, 1 H) . 
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Example 66 - Estra-16-en-3B-ol . 

This synthesis is depicted in Figure 153. A 
solution of the ketone 10 (800 mg, 3.10 mmol) in dry 
ether (5 ml) was added dropwise at RT. to a slurry of LiAlH 4 
5 (38 mg, 1 mmol) in ether (3 ml) (e) . After 1 h, the mixture 
was hydrolyzed with 10% aq. H 2 S0 4 . After workup (ether), 
the crude product (80 2 mg, 9:l-mixture of 12 and 11) was 
chromatographed on silica gel with CH 2 C1 2 . A small fraction 
of 11 (70 mg) was eluted first, followed by the main 
10 fraction of 12 (705 mg, 87%). M.p. 113-115°, [a]- +36.3° (C 
= 1.0). - IR. (CHC13) : 3640m, 3500 br., 1585w. - J H- 
NMR. (90 MHz): 0.78 (s, 3 H) ; 3.60 (m, wM « (m, 20.,. 1 H) ; 
5.71 (m, 1 H) , 5.87 (m, 1 H) . 

Example 67 - Alternative Synthesis of Estra-4 16- 

15 dien-3-one 

Estra-4, 16 -dien-3 -one : To estra-1, 3 , 5 (10) , 16- 
tetraene- 3 -methyl ether (551. S mg, 2.055 mmol) in 8.6 ml of 
anhydrous THF, approximately 3 0 ml of anhydrous ammonia, and 
6.76 g of t-butyl alcohol was added lithium wire (0.24 g, 35 

20 mg-atom) cut in small pieces. The reaction mixture was 

refluxed 4 l/2h under argon, after which methanol (2.3 ml) 
was added and the ammolonia was allowed to boil off 
overnight. The residue was dissolved in 25 ml of methanol 
and was acidified to approximately pH 1 with 5N HC1. After 

25 heating in an oil bath between 55 and 70 °C for 15 min. the 
cooled hydrolysis mixture was partitioned between 25 ml of 
water and SO ml of ethyl acetate and the aqueous phase was 
extracted with 2S ml of ethyl acetate. The combined organic 
extracts were washed with 25 ml of saturated sodium 

30 bicarbonate and 25 ml of brine, dried over magnesium 

sulfate, and filtered. Removal of solvent under reduced 
pressure yielded 0.57 q of oily residue which was purified 
by flash chromatography on silica gel (eluent: 15% ethyl 
acetate/hexane) followed by recrystallization from pentane 
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to give crystals (206.1 mg, 39% homogeneous to TLC, m.p. 
67-71°C. 

Example 68 - Estra- 2 , 5 ( 10 ) . 16 - triene- 3 -methvl ether, 2 . 

To estra-1, 3 , 5 (10) , 16 -tetraene-3 -methyl ether (1.22 
5 g, 4.54 mmol) in 19 ml of anhydrous THF, 14.99 g of t -butyl 
alcohol, and approximately 70 ml of anhydrous ammonia was 
added lithium wire (0.53 g, 76 mg-atom) cut in small pieces. 
See Figure 12. After refluxing under argon for 6 h the 
reaction was quenched with 5 ml of methanol and ammolonia 

10 was allowed to boil off overnight. A suspension of the 

residue in 100 ml of water was extracted twice with 100 ml 
portions of ethyl acetate and the combined organic extracts 
were washed with brine and dried over magnesium sulfate. 
Following solvent removal under reduced pressure the residue 

15 was flash chromatographed on silica gel using 1% ethyl 

acetate/hexane as eluent and then recrystallized from abs . 
ethanol to give fluffy white crystals (884.1 mg, 3.269 mmol, 
72%), m.p. 72-73°C, homogeneous to TLC. 

Example 69 - Estra- 5 ( 10 ) . 16 -dien- 3 -one , 3 . _ . 

20 Estra-2, 5 (10) , 16-triene-3 -methyl ether, 2 (646.3 mg, 

2.390 mmol), dissolved in 50 ml of acetone was hydrolyzed 
for 6 h at room temperature using oxalic acid dihydrate 
(0.84 g, 6.7 mmol) . See Figure 12. The reaction mixture 
was quenched with 2 5 ml of saturated sodium bicarbonate and 

25 then extracted twice with 25 ml portions of ethyl acetate. 
The combined organic extracts were washed twice with 25 ml 
of brine, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The residue was 
recrystallized from hexane to give product (462.5 mg, 1.804 

30 mmol, 75%), m.p. 112-116°C. 
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Example 70 - Estra-5 (10) , 16-dien-3-ols . 

Estra-5 (10) , 16-dien-3-one, 3 (301.1 mg, 1.174 mmol) , 
in 6 ml of anhydrous ether was reduced for 1 h at room 
temperature using lithium aluminum hydride (50.0 mg, 1.32 
5 mmol). See Figure 155. After quenching with sodium sulfate 
decahydrate (2.00 g) for 10 min. the suspension was filtered 
through Celite and the residue washed with four 25 ml 
portions of ether. The combined filtrates were concentrated 
under reduced pressure and purified by flash chromatography 

10 (silica gel, 5% ethyl acetatethexanes eluent) with 

subsequent preparative TLC of mixed fractions. The more 
polar product could be recrystallized with considerable loss 
from aqueous ethanol to give 4.8 mg of solid. The less 
polar product was recrystallized from aqueous methanol to 

15 give white crystals (59.5 mg) , m.p. 98-100°C. Total yield 
was 64.3 mg (0.249 mmol, 21S) . 

Example 71 - Estra-4 . 9 . 16-trien-3 -one . 

Estra-5 (10) , 16-dien-3-one, 3 (0.38 g, 1.5 mmol), in 
pyridine (5.0 ml, 62 mmol) was cooled in an ice-salt bath to 

20 -13°C and pyridinium bromide perbromide (1.58 g, 4.94 mmol) 
was added in small portions so that T<-4°C. After swirling 
1 min. phenol (0.25 g, 2.7 mmol) was added and reaction 
continued 24 h at room temperature. See Figure 12. Ethyl 
acetate (50 ml) was added and the reaction mixture was 

25 washed with 25 ml of IN HC1, two 25 ml portions of saturated 
copper sulfate, 25 ml of 5% sodium hydroxide, and 2 5 ml of 
brine. After drying over magnesium sulfate, filtration, and 
concentration under reduced pressure the residue was taken 
up in 10 ml of abs . ethanol, granular zinc (0.33 g, 5.0 mg- 

30 atom) was added, and the mixture was refluxed 1/2 h. The 
supernatant was removed, the residue was washed with 10 ml 
of abs. ethanol, and the combined supernatants were 
concentrated under reduced pressure. The resulting resin 
was flash chromatographed on silica gel using 15% ethyl 
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acetate/hexane as eluent. Appropriate fractions were 
pooled, concentrated, and then recrystallized from hexane to 
give solid product (117. S mg, 0.4619 mmol, 31%), m.p. 
87-92°C. 

5 Example 72 - Estra-1 , 3 , 5 (10) . 16-tetraen-6-one-3-acetate . . 
Chromium trioxide (13.40 g, 0.1340 mol) was 
suspended in 200 ml of methylene chloride and then cooled to 
-10°C in an ice-salt bath. 3, 5-Dimethylpyrazole (12.90 g, 
0.1342 mol) was added and the mixture was stirred 20 min. 

10 See Figure 13. Estra-1, 3, 5 (10) , 16 - tetraen-3 -yl acetate 
(4.00 g, 13.5 mmol) in a chilled solution of 20 ml of 
methylene chloride was added and the reaction stirred 2 h, 
during which time T-*-8°C. The mixture was then filtered 
through 200 g of silica gel and the product was eluted with 

15 further methylene chloride. After combining and 

concentrating appropriate fractions the crude product was 
flash chromatographed on silica gel using 15% ethyl 
acetate/hexane as eluent. Pooling of appropriate fractions 
and concentration under reduced pressure yielded a white 

20 solid (0.92 g, 3.0 mmol, 22%), m.p. 87-103°C. 

Example 73 - Estra-1. 3 . 5 (10) , 16-tetraen-3-ol-6-one . 

Estra-1, 3,5(10) , 16-tetraen-6 -one- 3 -acetate (203.1 
mg, 0.6543 mmol) in 30 of methanol was saponified with 1.5 
ml of 5% (w/w) sodium hydroxide for 40 min. See Figure 156. 

25 The reaction mixture was concentrated under reduced 

pressure, taken up in 50 ml of water, neutralized with IN 
HCl, and extracted three times with 2 5 ml portions of 
methylene chloride. The combined organic extracts were 
washed with 50 ml of brine, dried over magnesium sulfate, 

30 filtered, and concentrated to give a white solid which was 
purified by recrystallization from benzene/hexane and 
preparative TLC to give white crystalline solid (52.8 mg, 
0.197 mmol, 30%), m.p. 188-191°C. 
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Examole 74 - Estra-1. 3. 5 (10) ■ 16- tetraen-6oc-ol-3-vl acetate . 

Estra-1, 3, 5 (10) , 16 - tetraen- 6 -one- 3 -yl acetate, 6 
(421.4 mg, 1.358 mmol) , suspended in 35 ml of 95% ethanol 
was reduced with sodium borohydride (98.8 mg, 2.61 mmol) for 

5 100 min. at room temperature. See FIG. 13. After 
concentrating under reduced pressure the residue was 
suspended in 25 ml of water, neutralized with IN HC1, and 
extracted three times with 25 ml portions of methylene 
chloride. The combined organic extracts were washed with 25 

0 ml of brine, dried over, magnesium 3 0 sulfate, filtered, and 
concentrated. The resulting white foam was flash 
chromatographed on silica gel using 25% ethyl acetate/hexane 
as eluent. Combining fractions and concentration gave a 
white solid (0.12 g # 0.38 mmol, 28%), m.p. 209-212°C. 

5 Example 75 - Estra-1 , 3 , 5 (10) , 16- tetraen-3 , 6 -diol . 

To a suspension of lithium aluminum hydride (LAH, 
95%, 46.9 mg, 1.17 mmol) in 5 ml of anhydrous THF was added 
estra-1, 3 , 5 (10) , 16-tetraen-6-one-3-yl acetate, 6 (422.9 mg, 
1.360 mmol) in 5 ml of anhydrous THF dropwise, with 

0 stirring. See FIG. 156. The reaction was stirred 50 min., 
after which further LAH (46.5 mg, 1.16 mmol) was added and 
the reaction stirred 22 h. After refluxing 4 h TLC still 
showed starting material. The reaction was quenched with 
0.5 ml of water + 0.5 ml of 20% (w/w) sulfuric acid and 

5 concentrated under reduced pressure. The residue was 
extracted four times with 10 ml portions of hot ethyl 
acetate and filtered through Celite. The combined filtrates 
were concentrated and purified twice by flash chromatography 
to give solid product (0.05 g, 0.2 mmol, 10%), m.p. 

0 150-157°C. 

Example 76 - Estra- 1 . 3 . 5 (10 ) , 7 -tetraen-3 -ol . 

To a suspension of equilin (100.2 mg, 0.3733 mmol) 
in 2 ml of diethylene glycol were added hydrazine (59 pL, 
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1.9 mmol) and potassium hydroxide (0.04 g, 0.7 mmol) . See 
FIG. 157. The mixture was stirred in an oil bath at 
200-2l4°C for 2h, after which the cooled reaction was 
diluted with 10 ml of water, neutralized with IN HCl, and 
5 extracted three times with 25 ml of ether. The combined 

organic extracts were washed with 10 ml of brine, dried over 
magnesium sulfate, filtered, concentrated, and purified by- 
preparative TLC (silica gel, 15% ethyl acetate/hexane 
eluent) to give a yellow resin. Product was further 
10 purified by decolorizing with charcoal and recrystallization 
from aqueous ethanol to give tan crystals (13.2 mg, 51.9 /xM, 
14%) , m.p. 130-134°C. 

Example 77 - 20-Homoestra-l . 3 , 5 (10) . 6 , 8 , 17-hexaen-3-ol . 

A suspension of triphenylmethylphosphonium bromide 

15 (671.0 mg, 1.878 mg) and potassium t-butoxide (212.1 mg, 
1.890 mmol) in 2.1 ml of anhydrous DMSO was heated in a 
76-86°C bath under argon for 1 h, after which equilenin 
(100.1 mg, 0.3579 mmol) in 2.1 ml of anh. See FIG. 157. 
DMSO was added and the green solution was stirred 1 h. 

20 After cooling 10 ml of ice-lN HCl were added and the mixture 
was extracted" with three 10 ml portions of ether. The 
combined organic extracts were washed with 10 ml of 
saturated sodium bicarbonate + 10 ml of brine, dried over 
magnesium sulfate, filtered through Celite, concentrated and 

25 purified. 

Example 78 - Estra- 1 . 3 . 5 ( 10 ) . 6 - tetraen-3 -ol- 17- (p- 
toluenesulf onvl ) hydrazone . 

A suspension of 6-dehydroestrone (53 8.0 mg, 2.004 
mmol) and p-toluenesulf onylhydrazide (pTsNHNH 2 , 4 66.6 mg, 
30 2.506 mmol) in anh. methanol (5.4 ml) was refluxed 25 h with 
exclusion of moisture. See FIG. 15. After concentrating 
under reduced pressure the reaction residue was flash 
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chromatographed (50% ethyl acetate/hexanes on silica gel) to 
give an off-white foam (942.5 mg) , representing >100% yield. 

Example 79 - Estra- 1 . 3 , 5 ( 10 ) . 6 - tetraen-3 -ol- 17 - (p- 
toluenesulfonvl) hvdrazone . 
5 To a cooled (ice water bath) solution of crude 

estral, 3 , 5 (10) , 6-tetraen-3-ol-17- <p- 

toluenesulf onyl) hydrazone {1, 942.5 mg, <s2.004 mmol) in 
tetrahydrofuran (THF) under argon was added n-butyllithium 
(2.5 M in hexane, 3.2 ml, 8.0 mmol) dropwise with stirring, 

10 over a period of 7 min. See FIG. 158. Stirring was 

continued 48 h, during which the reaction was allowed to 
gradually warm to room temperature. 50 ml of 1 N 
hydrochloric acid were added and the reaction mixture was 
extracted with three 25 ml portions of ether. The combined 

15 organic extracts were washed with 50 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Crude 
product was purified by flash chromatography (20% ethyl 

20 acetate/hexanes on silica gel) and preparative TLC (20% 

ethyl acetate/hexanes on silica gel GF, 1000ji thickness) to 
give a white, crystalline film (134.5 mg, 0.5331 mmol, 27%) 
homogeneous to TLC (20% ethyl acetate/hexanes on silica gel, 
R f 0.39) . 

25 Example 80 - Estra- 1.3.5( 10), 6, 16 -pentaen-3 -vl-acetate . 

A solution of estra-1, 3 , 5 (10) , 16-pentaen-3-ol (2 , 
97.9 mg, 0388 mmol) in anh. pyridine (1.3 ml, 16 mmol) and 
acetic anhydride (0.18 ml, 1.9 mmol) was stirred 24 h, after 
which ethyl acetate (15 ml) was added and the mixture washed 

30 with three 5 ml aliquots of 1 N hydrochloric acid + 5 ml of 
saturated sodium bicarbonate + 5 ml brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
See FIG. 15. The residue was washed with 5 ml of ethyl 
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acetate and the combined filtrates were concentrated under 
reduced pressure. Preparative TLC (10% ethyl 
acetate/hexanes on silica gel GF , 1000 thickness) of the 
residue gave a slightly yellow crystalline solid (74.9 mg, 
5 0.2 54 mmol, 66%) homogeneous to TLC (10% ethyl 
acetate/hexanes on silica gel, R, 0.40) . 

Example 81 - Estra- 1 . 3 . 5 (10 ), . 7 - tetraen- 3 -ol - 17- (p- 
toluenesulf onyl) hvdrazone . 

Equilin (500.1 mg, 1.863 mmol) and p-TsNHNH 2 (433.7 

10 mg f 2.3 29 mmol) suspended in anh. methanol (5.0 ml) were 
refluxed 24 h with exclusion of moisture. See FIG. 15. 
After concentrating under reduced pressure the residual 
reaction mixture was flash chroma tographed (35% ethyl 
acetate/hexanes on silica gel) to give a white foam (899.9 

15 mg) representing >100% yield. 

Example 82 - Estra-1 , 3 , 5 ( 10 ) . 7 . 16 -pentaen- 3 -ol . 

To a cooled (ice water bath) solution of crude 
estra-1, 3, 5 (10) , 7- tetraen-3 -ol , -17- (p- toluenesulf onyl) 
hydrazone (4, 899.9 mg, si. 863 mmol) in anh. THF (20 ml) 

20 under argon was added n-butyllithium (2.5 M in hexane, 3.0 
ml, 7.5 mmol) dropwise with stirring over a period of 3 min. 
See FIG. 15. Stirring was continued 48 h, during which the 
reaction was allowed to gradually warm to room temperature. 
The reaction was poured into 50 ml of 1 N hydrochloric acid 

25 and the mixture was extracted with three 25 ml portions of 

ether. The combined organic extracts were washed with 50 ml 
of brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 
ether and the combined filtrates were concentrated under 

30 reduced pressure. The product was flashed chromatographed 
(20% ethyl acetate/hexanes on silica gel) and decolorized 
with carbon to give a yellow crystalline solid (274.8 mg, 
1.089 mmol, 58%) . 
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Example 83 - Estra- 1 . 3 . 5 (10) , 1. 16 -oentaen- 3 - vl acetate . 

A solution of estra- 1, 3 , 5 (10) , 7, 16-pentaen-3-ol (5, 
192.1 mg, 0.7612 mmol) in anh. pyridine (2.6 ml, 32 mmol) 
and acetic anhydride (0.36 ml, 3.8 mmol) was stirred 6 h, 
5 after which 3 0 ml of ethyl acetate were added. The mixture 
was washed with three 10 ml portions of 1 N hydrochloric 
acid + 10 ml of saturated sodium bicarbonate + 10 ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. See Example 15. The residue was 

10 washed with 10 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. 
Preparative TLC (5% ethyl acetate/hexanes on silica gel GF, 
1000^ thickness) and recrystallizat ion from aqueous ethanol 
gave fine white needles (78.6 mg, 0.267 mmol, 35%), m.p. 

15 77-80°C. TLC (4% ethyl acetate/hexanes on silica gel) 
showed 2 spots at R f 0.21 and 0.24. 

Example 84 - Estra-1 , 3 , 5 (10) , 6 , 8-pentaen-3-ol-17- (p- 

toluenesulf onyl ) hydrazone . 

Equilenin (0.6559 mg, 2.463 mmol) and p-TsNHNH 2 
20 (573.6 mg, 3.080mmol) suspended in anh. methanol (8.2- ml) 

were refluxed 24 h with exclusion of moisture. See FIG. 16. 

After cooling and concentrating under reduced pressure the 

reaction mixture was flash chromatographed (35-40% ethyl 

acetate/hexanes 57%) , m.p. 95-96°C. TLC (2% ethyl 
25 acetate/hexanes on silica gel) showed product (R f 0.1) 

contained a trace contaminant at the origin. 

Example 85 - Estra- 1 , 3 , 5 ( 10 ) , 6 , 8 , 16 -hexaen- 3 -ol . 

To a cooled (ice water bath) solution of crude 
estra- 1,3, 5( 10) 6 , 8-pentaen-3-ol 17- (p- 
30 toluenesuf fonyl) hydrozone (7, 1.0887 g, s2463 mmol) in anh. 
THF (25 ml) under argon was added n-butyllithium (2.5 M in 
hexane, 3.9 ml, 9.8 mmol) dropwise with stirring over 2 min. 
See FIG. 159. Stirring was continued 3 days, during which 
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the reaction was allowed to gradually warm to room 
temperature. 50 ml of IN hydrochloric acid- ice were added 
and the mixture was extracted three times with 25 ml 
portions of ether. The combined organic extracts were 
5 washed with 50 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed 10 ml of ether and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(20% ethyl acetate/hexanes on silica gel) and 
10 recrystallization from aqueous ethanol with charcoal 

decolorization gave tan platelets (245.8 mg, 0.9819 mmol, 
40%) , m.p. 162-1€3°C. 

Example 86 - Estra- 1 , 3 , 5 ( 10 ) . 6 . 8 , 16 -hexaen- 3 -vl acetate . 

A solution of estra- 1 , 3 , 5 ( 10) , 6 , 8 , 16-hexaen-3 -ol 
Q8, 148.8 mg, 0.5944 mmol) in anh. pyridine (2.0 ml, 25 
mmol) and acetic anhydride (0.28 ml, 3.0 mmol) was stirred 6 
h, after which ethyl acetate (20 ml) was added. See FIG. 
159. The mixture was washed with three 10 ml portions of 1 
N hydrochloric acid + 10 ml of saturated sodium bicarbonate 
+ 10 ml of brine, dried over sodium sulfate, and filtered. 
The residue was washed with 5 ml of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
Recrystallization from 95% ethanol gave lustrous white 
platelets (99.4 mg, 0.340 mmol, 55%, m.p. 9596°C. TLC (2% 
ethyl acetate/hazanes on silica gel) showed product (Rf 0.1) 
contained a trace contaminant at the origin. 

Example 87 - 17-Methylenestra-l , 3 , 5110) -trien- 3-ol . 

A suspension of methyltriphenylphosphonium bromide 
(100.03 g, 0.28001 mol) and potassium t-butoxide (31.42 g, 
30 0.2800 mol) in anh. dimethylsulf oxide (DMSO, 320 ml) under 
argon was stirred in an oil bath (68-81°C) 1 h, after which 
estrone (15.14 g, 55.99 mmol) in anh. DMSO (320 ml) was 
added via syringe. See FIG. 160. Stirring was continued 1 



20 
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h and the reaction allowed to cool. The mixture was poured 
into 800 ml of ice-1 N hydrochloric acid and then extracted 
three times with 400 ml aliquots of ether. The combined 
organic extracts were washed with 350 ml of saturated sodium 
5 bicarbonate + 400 ml of brine, dried over sodium sulfate, 
and flash filtered through a 58mm high x 84 mm dia. column 
of silica gel (200-40 mesh) . Product continued eluting with 
additional ether. Concentration of appropriate fractions 
under reduced pressure and three-fold recrystallization from 
10 aqueous ethanol gave very fine; white needles (11.47 g # 42.73 
mmol, 76%), m.p. 134-136°C, homogeneous .to TLC (20% ethyl 
acetate/hexanes on silica gel, 0.45). 

Example 88 - 17-Methvlenestra- 1 , 3 , 5 (10) -trien-3-vl acetate . 

A solution of 17-methylenestra-l, 3 , 5 (10) -trien-3-ol 

15 <i0, 5.84 g, 21.8 mmol) in anh. pyridine (32 ml, 0.40 mol) 
and acetic anhydride (9.7 ml, 0.10 mol) was stirred 24, 
after which ethyl acetate (250 ml) was added. See FIG. 160. 
The mixture was washed with three 100 ml portions of 1 N 
hydrochloric acid + 100 ml of saturated sodium bicarbonate + 

20 100 ml of saturated copper sulfate + 100 ml of brine, dried - 
over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 25 ml of ethyl acetate 
and the combined filtrates were concentrated under reduced 
pressure. Recrystallization from aqueous ethanol gave 

25 lustrous white platelets (5.84 g, 18.8 mmol), m.p. 77-79°C. 

Example 89 - 17-Methvlenestra-l . 3 . 5 (10) -trien-6-on-3-vl 
acetate. 

To a suspension of chromium trioxide (6.19 g. 61.9 

mmol) cooled to -8°C (ice-salt bath) in methylene chloride 

30 (100 ml) was added 2 , 4-dimethylpyrazole (5.95 g, 61.9 mmol). 

See FIG. 17. After stirring 20 min., a solution of 17- 
methylenestra-l, 3 , 5 (10) -trien-3-yl acetate (11, 2.0001 g, 

6.4428 mmol) in 10 ml of chilled methylene chloride was 
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added over a period of 2 min. so that the temperature did 
not reach -6°C. Stirring was continued 2 h and the mixture 
was then passed through a column of 100 g of silica gel 
(200-400 mesh) . Product continued eluting with further 
5 methylene chloride. Pooling and concentration of 

appropriate fractions under reduced pressure gave crude 
product, which was further purified by two- fold 
recrystallization from aqueous ethanol to give lustrous 
off-white crystals (334.0 mg, 1.030 mmol, 16%), m.p. 
10 91-94°C. TLC (25% ethyl acetate/hexanes on silica gel) 

showed product (R f 0.47) with two minor .contaminants at R f 
0.30 and 0.39. 

Example 90 - 17-Methylenestra-l , 3 , 5 ( 10) - trien-3 . 6B-diol . 

To a suspension of lithium aluminum hydride (53.6 

15 mg, 1.41 mmol) in anh. THF (3.0 ml) under argon cooled in a 
dry ice/acetone bath was added 17 35 methylenestra- 
1,3,5(10) -trien-6-on-3-yl acetate (12, 251.7 mg, 0.7758 
mmol) in anh. THF (3.0 ml) dropwise with stirring over '8 
min. See FIG. 160. After stirring 2 h, the bath was 

20 removed and stirring continued a further hour. The reaction 
was quenched by stirring 1/2 h with Glauber's salt (1.78 g) . 
The resulting mixture was applied to a short pad of 
diatomaceous earth and extracted four times with 10 ml 
portions of ethyl acetate. Continued extraction with five 

25 10 ml portions of hot ethyl acetate and concentration of all 
extracts under reduced pressure gave a colorless film. 
Preparative TLC (40% ethyl acetate/hexanes on silica gel GF, 
iooo IL thickness) gave a white foam (15.3 mg, 53.8 ILmol, 
7%) . TLC (40% ethyl acetate/hexanes on silica gel) showed 

30 major (R. 0.29) and minor components <R f 0.37). 

Example 91 - 17-Methylenestra-l . 3 . 5 (10) -trien-3-vl methyl 
ether . 
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To a stirred suspension of 17-methylenestra- 
l,3,5(10)-trien-3-ol (5.37 g, 20.0 mmol) and potassium 
carbonate (50.82 g, 0.3678 mol) at reflux in 90% ethanol 
(500 ml) was added dimethyl sulfate (5.0 ml, 53 mmol). 
5 After 1/2 h reflux additional dimethyl sulfate (36 ml, 0.38 
mol, in three 12 ml aliquots) was added over the period of 1 
h. See FIG. 160. The reaction was refluxed a further hour, 
following which 360 ml of water were added and the mixture 
was placed in the refrigerator overnight. The resulting 

10 suspension was filtered and washed with 80 ml of 60% 

methanol + three 80 ml portions of 5% (w/w) sodium hydroxide 
+ three 80 ml portions of water. The residue was 
recrystallized from aqueous methanol to give white crystals 
(3.88 g, 13.7 mmol, 69%), m.p. 59-62°C. TLC (20% ethyl 

15 acetate/hexanes on silica gel) showed product (R f 0.63) with 
trace contaminants at R £ 0.37 and at the origin. 

Example 92 - 17-Methv lenestra-2 . 5 (10) -dien-3 -vl methvl 
ether . 

Approximately 70 ml of anh. ammonia was distilled 
20 through a KOH tower into a 250 ml flamedried 3 -neck flask 
fitted with an inlet adapter, magnetic stirring bar, dry 
ice/acetone condenser, and V ground glass stopper. See FIG. 
160. A solution of 17-methylenestra- 1 , 3 , 5 ( 10) - trien-3-yl 
methyl ether (14, 1.1297 g, 4.0001 mmol) and t-butyl alcohol 
25 (13.21 g, 0.1782 mol) in dry THF (17 ml) was added, followed 
by lithium wire (0.47 g, 68 mg-atom) cut in small pieces. 
After refluxing under argon for 6 h anh. methanol (6.6 ml) 
was added and the suspension was stirred overnight while 
allowing ammonia to boil off. Water (100 ml) was added and 
30 the suspension was extracted three times with 50 ml portions 
of methylene chloride. The combined organic extracts were 
washed with 100 ml of brine, dried over sodium sulfate, and 
filtered. The residue was washed with 25 ml of methylene 
chloride and the combined filtrates were concentrated under 
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reduced pressure. The resulting light yellow oil was 
crystallized from aqueous ethanol to give lustrous white 
crystals (815.0 mg, 2.865 mmol, 72%), m.p. 77-78°C, 
homogeneous to TLC (R ; 0.60, 10% ethyl acetate/hexanes on 
5 silica gel) . 

Example 93 - 17-Methvlenestr-4-en-3-one . 

Con. hydrochloric acid (6.0 ml) and water (6.0 ml) 
were added to a solution of 17-methylenestra-2, 5 (10) -dien- 
3-yl methyl ether (15, 702.8 mg. 2.471 mmol) in methanol (6 

10 ml) and acetone (20 ml). See Example 160. After stirring 1 
h, sodium bicarbonate (7.50 g) was added cautiously. The 
mixture was concentrated under reduced pressure once 
effervescence had ceased and water (50 ml) was added. The 
mixture was extracted three times with 25 ml portions of 

15 methylene chloride. The combined organic extracts were 
washed with 50 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 10 ml of methylene chloride and the combined 
filtrates were concentrated under reduced pressure. The 

20 product was purified by decolorizat ion with charcoal, flash 
chromatography (20% ethyl acetate/hexanes on silica gel) , 
and recrystallization from aqueous ethanol to give a white 
powder (302.8 mg. 1.120 mmol, 45%), m.p. 83-89°C. 

Example 94 - 17-Methvlenestr-4-en-36-ol . 

25 Lithium tri- t-butoxyaluminohydride (766.6 mg, 3.015 

mmol) was added to a solution of 17-methylenestr-4-en-3 -one 
(16, 203.7 mg, 0.7533 mmol) in 10 ml of anh. ether and the 
reaction was stirred 420 h. See FIG. 161. Glauber's salt 
(3.80 g) was added and the suspension was stirred an 

30 additional 1/2 h. The mixture was filtered through 

diatomaceous earth and the residue was washed five times 
with 10 ml portions of ether. The combined filtrates were 
concentrated under reduced pressure and then subjected to 
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preparative TLC (5% ethyl acetate/methylene chloride on 
silica gel GF, 1000 thickness) to give white needles (60.2 
mg. 0.221 mmol, 2 9%) homogeneous to TLC (R f 0.37, 5% ethyl 
acetate/methylene chloride on silica gel) . 

5 Example 95 - 17-Methylenestra- 1 , 3 , 5 (10) . 7-tetraen-3-ol . 

Methyltriphenylphosphonium bromide (1.9967 g, 
5.5892 mmol) and potassium t-butoxide (627.2 mg, 5.589 mmol) 
suspended in 6.1 ml of anh. DMSO under argon were lh in an 
oil bath (71-83°C, after which equilin (300.0 mg f 1.118 

10 mmol) in 6.1 ml of anh. DMSO was added via syringe. See 
FIG. 161. After stirring a further 70 min., the reaction 
mixture was poured into 4 0 ml of ice water and extracted 
three times with 25 ml portions of ether. The combined 
organic extracts were washed with 2 5 ml of brine, dried over 

15 magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ether and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (15% ethyl acetate/hexanes on silica gel) 
followed by preparative TLC (20% ethyl acetate/hexanes on 

20 silica gel GF # 1000 thickness) gave an opaque white film 
(162.3 mg, 0.6093 mmol, 54%). 

Example 96 - 17-Methvlenestra- 1 , 3 , 5 (10) . 7-tetraen-3-vl 
acetate . 

Methyltriphenylphosphonium bromide (3.33 g, 9.32 
5 mmol) and potassium t-butoxide (1.05 g, 9.36 mmol) suspended 
in 10 ml of anh. DMSO under argon was stirred 1 h in an oil 
bath (77-79°C) , following which equilin (500.0 mg, 1.863 
mmol) in 10 ml of anh. DMSO was added via syringe. See 
FIG. 161. After stirring a further hour the cooled reaction 
0 mixture was poured into 50 ml of ice-1 N hydrochloric acid 
and extracted three times with 25 ml portions of ether. The 
combined organic extracts were washed with 25 ml of brine, 
dried over magnesium sulfate, and filtered through 
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diatomaceous earth. The residue was washed with 10 ml of 
ether and combined filtrates concentrated under reduced 
pressure. The resulting light yellow syrup was taken up in 
anh. pyridine (6.3 ml, 78 mmol) , acetic anhydride was added 
5 (0.88 ml, 9.3 mmol), and the reaction mixture was stirred 16 
h. The mixture was then poured into 100 ml of 1 N 
hydrochloric acid and extracted three times with 50 ml 
portions of ether. The combined organic extracts were 
washed with 100 ml of saturated sodium bicarbonate + 100 ml 

10 of brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 25 ml of 
ether and the combined filtrates were concentrated under 
reduced pressure. The crude acetate was flash 
chromatographed (5% ethyl acetate/hexanes on silica gel) to 

15 give a yellow resin (494.7 mg, 1,604 mmol, 86%). 

Example 97 - 16of , 7of-Epoxyestr-4-en-10j3-ol-3-one . 

To a frozen (dry ice/acetone) suspension of 
estra-5 (10) , 16-dien-3-one (1, 115.7 mg, 0.4513 mmol) in 
chloroform (3 ml) was added m-chloroperbenzoic acid (MCPBA, 

20 77.4%, 420.8 mq, 1.89 mEquiv. of peracid) suspended in ether 
4.3ml) and the mixture was stirred 2 h. The reaction was 
then stored in a refrigerator for 18 h, after which sodium 
thiosulfate pentahydrate [5% (w/w) , 25 g] was added. After 
stirring 5 min., the mixture was extracted three times with 

25 10 ml portions of ether. The combined organic extracts were 
washed with 25 ml of saturated sodium bicarbonate + 25 ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 
ether and the combined filtrates were concentrated under 

30 reduced pressure. TLC suggested the intermediate 
5B, 10B- epoxide had undergone partial elimination. 
Elimination was completed by refluxing the white crystalline 
residue for 1 h in 20 g of 5% (w/w) potassium hydroxide in 
anh. methanol. The reaction mixture was poured into 50 ml 
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of ice water 5 and extracted with 50 ml of ether. The 
organic extract was washed twice with 50 ml portions of 
water, dried over sodium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 20 ml of 
5 ether and the combined filtrates were concentrated under 
reduced pressure. The residue was subjected to preparative 
TLC (50% ethyl acetate/hexanes on silica gel GF, 1000 \i 
thickness) to give a colorless resin (19.7 mg, 72.3 \x mol, 
16%). 

Example 98 - 18-Nor-17-methvlestra-4 , 13 (17) -dien-3-ol . 

To a cooled (ice water bath) solution of 18- 
nor-17-methylestra-4 , 13 (17) -dien-3-one (2, 0.23 g, 0.90 
mmol) in anh. methanol (2.3 ml) was added sodium borohydride 
(0.23 g, 6.1 mmol) and the reaction was stirred for 2 h. 
See FIG. 162. Solvent was removed, under reduced pressure 
and 10 ml of water were added to the residue. The mixture 
was then extracted three times with 10 ml portions of 
methylene chloride. The combined organic extracts were 
washed with 10 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed twice with 5 ml of methylene chloride and the 
combined filtrates were concentrated under reduced pressure. 
The resulting slightly yellow solid was purified by 
preparative TLC (5% ethyl acetate/methylene chloride on 
silica gel GF, 1000 thickness) to give a yellow solid (53.6 
mg, 0.207 mmol, 23%) homogeneous to TLC (5% ethyl 
acetate/methylene chloride on silica gel; R f 0.32). 

Example 99 - Androsta-4 , 16 -dien-3 -one . 

This synthesis is depicted in Figure 178. Several 
30 methods are known for the conversion of testosterone into 
Androsta-4 , 16-dien-3-one (Brooksbank et al . , Biochem. J, 
(1950) A2:36) . Alternatively, thermolysis (460°) of the 
methyl 15 carbonate of testosterone gives 



15 
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Androsta-4 , 16-dien-3 -one in 90% yield. 

17B-MethoxyCarbonyioxy-androst-4en-3 -one (IV) was prepared 
from testosterone (III. Fluka) with methyl 
chlorof ormate/pyridine (a) in 76% yield (after 
5 recrystallization from MeOH) . M.p. 140-141°, [a] D = +95.4° 
(c = 1.10) - IR. (CDC1 3 ) : 1740s, 1665s, 1450s, 1280s, - 
'H-NMR. (360 MHz): 0.87 (s, 3 H) ; 1.20 (s, 3 H) ; 3.77 (s, 3 
H) ; 4.53 (br. t, J 8, 1 H) ; 5.75 (s, 1 H) . A solution of 
the methyl carbonate IV in toluene was pyrolyzed (b) as 25 

10 described for I. Recrystallization of the crude product 
from acetone at RT. gave pure ketone 4 in 90% yield. M.p. 
127-129.5°, (a) D +118.9° (C = 1.32) ([3]: m.p. 131.5-133.5° 
(hexane) , [a] D l6 = +123 + 3.5° (C = 1.03)). - IR. (CDC1 3 ) : 
3050w, 1660s, 1615m. - *H-NMR. (360 MHz): 0.82 (s, 3 H) ; 

15 1.22 <s, 3 H) ; 5.70 {m, 1 H) ; 5.73 (s, 1 H) ; 5.84 (m, 1 H) . 

Example 100 - Androsta-4 . 16-dien-3<y-ol (5) and -3fl-ol . 

These syntheses are depicted in Figure 178. 
Androsta-4 , 16-dien-3-one (4) was reduced at -55° with 5 
lithium tris (1, 2-dimethylpropyl) hydridoborate in THF (c) 
as described for the preparation of 2 (Figure 1) . 
Chromatography on silica gel with CH 2 Cl 2 /ethyl acetate 9:1 
gave pure axial alcohol 5 (48% yield) and pure equatorial 
alcohol 6 (48% yield) . Analytical samples were further 
purified by recrystallization (from PE at -30° for 5, from 
cyclohexane at RT. for 6) . 

Data of 5. M.p. 77-79°, [a] D +120.6° (C = 1.26) - 
IR. (CDC1 3 ) : 3620m, 3440m br., 1660m, 1595w. - l H-NMR. (360 
MHz) : 0.79 (s, 3 H) ; 1.02 (s, 3 H) ; 4.07 (m, w M « 10, 1 H) ; 
5.48 (d x d, J 5 and 2, 1 H) ; 5.71 (m, 1 H) ; 5.85 (m, 1 H) . 

Data of 6. M.p. 116.1190, [a] D +53.9° (C = 1.28) 
([47): m.p. 116.1180, [ 8 )D +59.3° (C = 0.4) - IR. (CDC1 3 ) : 
3610m, 3420m br., 3050m, 1660m, 1590w. - 1 H- NMR. (360 MHz): 
0.78 (s, 3 H) ; 1.08 (s, 3 H) ; 4.15 (m, w w ~ 20, 1 H) ; 5.30 
(m, w M « 5, 1 H) ; 5.71 (m, 1 H) ; 5.85 (m, 1 H) . 



25 
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Example 101 - Androsta-5, 16-dien-3a-ol . 

This synthesis is depicted in Figure 179. To a 
solution of alcohol 8 (545 mg, 2.0 mmol) in acetone (100 ml) 
at 0°C under N 2 was added rapidly Jones reagent (i, 1.5 ml, 
5 ca. 4 mmol) . After 5 min., the mixture was poured into a 
dilute phosphate buffer (pH 7.2, 1200 ml) and extracted with 
ether. The extracts were washed with sat. aq. NaCl 
solution, dried (Na 2 S0 4 ) and evaporated to give mainly 
Androsta-5, 16 -dien- 3 -one as an oil (567 mg) . The crude 

10 product was dissolved in THF (7 ml) and reduced with lithium 
tris (1, 2-dimethylpropyl) hydridoborate -(c) at .55° as 
described for the preparation of 2. The crude product (530 
mg) was chromatographed on silica gel (100 g) with 
CH 2 Cl 2 /ethyl acetate 4:1 to give 280 mg (51%) of pure 

15 a-alcohol 7 (eluted first) and 13 mg of 5 starting alcohol 
8. A small sample of 7 was recrystallized from 
acetone/water at RT. M.p. 1380, [ 8 ]D -77.5° (c=1.2. - IR. 
(CDC1 3 ) : 3580m, 3430m, 1665w, 1590w, - l H-NMR. (360 MHz) : 
0.80 (s, 3 H) ; 1.06 (s, 3 H) ; 4.02 (m, w H 8 , 1 H) ; 5.44 (m, 1 

20 H) ; 5.72 (m, 1 H) ; 5.86 (m, 1 H) . 

Example 102 - Androsta-5 , 16-dien-3B-ol . 

This compound was prepared in 73% yield by a known 

procedure (Marx, A.F., et al . . Ger. Offen. 2,631,915; Chem. 

Abst. 87 :23614p (1977)) from commercial (Fluka) 
25 3B-hydroxy-androst-5-en-17-one (VII). M.p. 137°, [a] D = 

-71.9° (c=l.S) ([48]: m.p. 140-141°, [a] D = 68°. - IR. 

(CDCI3) : 3600m, 3420m br . , 1670w, 1590w, - l H-NMR . (360 

MHz): 0.80 (s, 3 H) ; 1.05 (s, 3 H) ; 3.53 (m, wM~22, 1 H) ; 

5.38 (m f 1 H) ; 5.72 (m, 1 H) ; 5.86 (m, 1 H) . This synthesis 
30 is depicted in Figure 4. 
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Example 103 - Alternate synthesis of Androsta-4 . 16 -dien- 3 - 
one . 

The following method of synthesis is depicted in 
Figure 180: 

5 Dehydroepiandrosterone p-Toluenesulf onylhydrazone 

Dehydroepiandrosterone (VII) (14.4 g, 50.0 m mole) 
and p-toluenesulf onylhydrazide (12.75 g, 68.5 m mole) in dry 
methanol (3 00 ml) were heated under reflux for 20 hours. 
The mixture was transferred to a conical flask and allowed 
10 to cool. The crystalline product was filtered under suction 
and washed with methanol (50 ml) . Further crops of product 
were obtained by sequentially evaporating the filtrate to 75 
ml and 20 ml, and allowing crystallization each time. Total 
yield was 21.6 g (95%) . 



15 Androsta-5, 16 -dien-3/?-ol 

Dehydroepiandrosterone p-toluenesulf onylhydrazone 
(22.8g, 50.0 m mole) in dry tetrahydrof uran (1.0 liters) was 
cooled in a dry ice/isopropanol bath. The mixture was 
stirred while n-butyl lithium (125 ml of 1.6 M solution in 

2 0 hexane, 200 m mole) was added. The mixture was allowed to 
warm to room temperature and was stirred for 24 hours. 
Water (50 ml) was added with cooling in ice. The mixture 
was poured into saturated ammonium chloride solution/ice 
(500 ml) and extracted with ether (x2) . The organic layers 

25 were washed with saturated sodium bicarbonate solution (500 
ml) and saturated sodium chloride solution (500 ml) , dried 
(MgS0 4 ) and evaporated in vacuo to give the crude product. 
This was purified by flash chromatography on 190 g silica 
gel 60, 230-400 mesh, eluting with ethyl acetate/hexane 

30 (20:80-^50:50) to give crystalline material. The product was 
recrystallized from methanol (45 ml)/3% hydrogen peroxide 
-(8 ml) 25 washing with methanol (30 ml) /water (8 ml) to 
give pure product (6.75 g, 50%) . 
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Androsta-4, 16-dien-3 -one 

A solut ion of 10 g of Androsta- 5 , 16 -dien-3/3-ol in 
475 cc of toluene and 75 cc of 30 cyclohexanone was 
distilled (ca. 50 cc of distillate was collected) to 
5 eliminate moisture, 5 g of AlfOPr 1 ^ in 50 cc of toluene was 
added and the solution was refluxed for 1 hour. Water then 
was added, volatile components were removed by steam 
distillation and the residue was extracted with chloroform. 
Evaporation of the dried extract, followed by 
10 crystallization of the residue from chlorof orm-hexane , 

yielded 7.53 g of Androsta-4 , 165 dien-3-one (25). Another 
0.97 g (total, 8.5 g, 86%) was obtained by chromatography of 
the mother liquor on neutral alumina. 

Example 104 - Synthesis of Androsta-3 , 5 . 16-trien-3-yl methyl 
15 ether . 

To a partial solution of androsta-4, 16-dien-3-one 
(1.00 g, 3.70 mmol) in 2.2 dimethoxypropane (5.0 ml, 41 
mmol) and 5 ml DMF were added methanol (0.2 ml) and 
p- toluenesulf onic acid monohydrate (26.4 mg, 0.139 mmol). 

20 The mixture was refluxed 5 h, after which it was cooled and 
sodium bicarbonate (152.5 mg) was added. The suspension was 
partitioned between 50 ml of ice water and 50 ml of ethyl 
acetate. The organic layer was washed with two 50 ml 
portions of water + 50 ml of brine, dried over 20 magnesium 

25 sulfate, filtered, and concentrated under reduced pressure. 
The residual oil was taken up in 50 ml of hot hexane and 
filtered through a 12 mm x 30 mm column of silica gel 60 
using 150 ml of hot hexane. The combined filtrates were 
concentrated under reduced pressure and recrystallized from 

30 acetone/methanol to give white crystals (468.0 mg, 1.645 
mmol, 44%), m.p. 83-92°C. 
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Exam ple 105 - Synthesis of 17-methvlene-Androst -4-en-ols .- 

To 20-homoandrosta-4 , 17-dien-3-one (119.0 mg, 0.4184 
mmol) in 5 ml of methanol were added sodium borohydride (6.0 
mg, 0.16 mmol) and 77 /iL of water. After stirring 2 h 
5 further sodium borohydride (32.0 mg, 0.846 mmol) was added 
and the mixture was stirred overnight. After concentrating 
under reduced (5% ethyl acetate/hexane on silica gel) to 
give a more polar (59.8 mg) and a less polar (1.7 mg) 
product . 

10 Example 106 - Synthesis of 17-methvlene-6-oxo-Androsta-4-en- 
3 -one . 

To a cooled solution of 2 0-homoandrosta- 
5, 17-dien-3-ol (399.4 mg, 1.394 mmol) in 50 ml of acetone 
was added 2.67M Jones reagent (2.0 ml, 5.3 mmol). After 

15 stirring 1 h the reaction was quenched with isopropanol (1.0 
ml, 13 mmol) and poured into 100 ml of water. The mixture 
was extracted three times with 50 ml portions of ethyl 
acetate and the combined organic extracts were washed with 
50 ml of saturated sodium bicarbonate + 50 ml of brine. The 

20 organic phase was then dried over magnesium sulfate, 

filtered, and concentrated under reduced pressure. The 
residue was recrystallized from 95% ethanol to give an 
almost white powder (177.8 mg, 0.5958 mmol, 43%), m.p. 
113-115°C. 

25 Example 107 - Synthesis of 6j8-OH-Androsta-4 . 16-dien-3-one . 

To a solution of androsta-3 , 5 , 16 -trien-3 -yl methyl 
ether, (12) (200.5 mg, 0.7049 mmol), in 5 ml of 
1, 2 -dime thoxy ethane (DME) and 1 ml of water was added 
m-chloroperbenzoic acid (MCPBA, 77.4%, 173.2 mg, 0.776 mmol) 

30 suspended in 5 ml of DME + 1 ml of water + 0.40 g of 5% 

(w/w) NaOH dropwise, with stirring, over a period of 90 min. 
After stirring 18 h further MCPBA (247.0 mg, 1.11 mmol) 
suspended in 10 ml of DME + 2 ml of water + 0.8 g of 5% 
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(w/w) NaOH was added dropwise, with stirring, over 1 1/2 h. 
The reaction mixture was stirred 1/2 h and then poured into 
25 ml of saturated sodium bicarbonate. The aqueous mixture 
was extracted three times with 25 ml of ether and the 
5 combined organic extracts were washed with 50 g of 5% (w/w) 
sodium thiosulfate + three 50 ml portions of brine, dried 
over magnesium sulfate, filtered through Celite, and 
concentrated under reduced pressure. The resulting 
crystalline residue was purified by preparative TLC {35% 
10 ethyl acetate/hexane on silica gel) followed by two-fold 
recrystallization from aqueous ethanol to give lustrous 
white platelets (102.3 mg, 0.3571 mmol, 51%), m.p. 
165- 166 °C. 

Example 108 - 18 -Nor- 17-methvlandrosta-4 , 13 (17) -dien-3-ol . 

Refer to FIG. 189. To a solution of 18- 
nor-17-methylandrosta-4, 13 (17) -dien-3-one (1, 378.2 mg, 
1.3 99 mmol) in 7 . 5 ml of ahh. ether were added 59.7 mg (1.57 
mmol) of lithium aluminum hydride (LAH) . After stirring the 
resulting suspension for 30 min. 2.00 g of Glauber's salt 
were added and the mixture was stirred a further 30 min. 
The mixture was then filtered and extracted with four 2 5 ml 
portions of ether. The combined filtrates were concentrated 
under reduced pressure and then subjected to preparative TLC 
(silica gel GF, 1000/i, 5% ethyl acetate/methylene chloride 
as eluent) to give a less polar fraction (R £ 0.63, 34.5 mg, 
0.127 mmol, 9%) and a more polar fraction (R f 0.45, 273.8 
mg, 1.005 mmol, 72%). 

Example 109 - 18-Nor-17-methvlandrosta-3 , 5, 13 (17) -trien-3-vl 
methyl ether . 

30 Refer to FIG. 189. A solution of 18-nor-17- 

methylandrosta-4, 13 (17) -dien-3-one (1, 0,86 g ( 3.2 mmol) in 
2, 2-dimethoxypropane (4.3 ml, 3 5 mmol) and dimethyl formamide 
(DMF, 4.3 ml) containing anh. methanol (0.17 ml) and p- 



20 
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toluenesulf onic acid monohydrate (21.3 mg) was refluxed 4 h 
and then allowed to cool. Sodium bicarbonate (0.13 g) was 
added and the mixture was partitioned between 65 ml of 
hexanes and 40 ml of ice water. The organic phase was 
5 washed with two 40 ml portions of water + 40 ml of brine and 
then flash filtered through a 17 mm high x 30 mm dia. column 
of silica gel (200-400 mesh) . Concentration of the combined 
filtrates followed by recrystallization from acetone/95% 
ethanol gave bright yellow crystals (489.6 mg, 1.721 mmol, 
10 54%), m.p. 95-101°C. TLC (10% ethyl acetate/hexanes on 

silica gel) showed a major product at R f .0.69 with a trace 
contaminant at the origin. 

Example 110 - 18 -Nor-17-methvlandrosta-4 , 13 (17) -dien-6j8-ol - 
3 -one . 

15 Refer to FIG. 189. Reaction was carried out similar 

to the procedure of D. N. Kirk and J. M. Wiles, J. Chem. 
Soc, Chem. Commun. 1974, 927. To a stirred solution of 
18-nor-17-methylandrosta-3 , 5, 13 (17) -trien-3-yl methyl ether 
(477.0 mg, 1.677 mmol) in 1, 2-dimethoxyethane (DME, 20 26 

20 ml) was added 77% m-chloroperbenzoic acid (MCPBA, 999.7 mg, 
4.48 tnEq) suspended in DME (39 ml), water (8 ml), and 5% 
(w/w) sodium hydroxide (7.1 ml), over a period of 88 min. 
After stirring 20 h the reaction mixture was poured into 
saturated sodium bicarbonate (50 ml) and extracted with 

25 three 50 ml portions of ether. The combined organic 
extracts were washed with 50 g of 5% (w/w) sodium 
thiosulfate pentahydrate + three 50 ml portions of brine, 
dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 2 5 ml of 

30 ether and the combined filtrates were concentrated under 
reduced pressure to give a yellow syrup. Purification by 
preparative TLC (silica gel GF, 1000 35% ethyl 
acetate/hexanes as eluent) gave an off-white crystalline 
film (132.1 mg, 0.4612 mmol, 28%) which TLC (35% ethyl 
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acetate/hexanes on silica gel) showed contained a major 
component (R f 0.23) and a minor component (R f 0.18) 

Example 111 - 17fl-Methvlandrost -4 -en-3 , 6 -dione . 

Refer to FIG. 189. Jones reagent (2.67 M, 0.88 ml, 
5 2.3 mmol) was added to a solution of 170- 

methylandrost-5-en-3/3-ol (5, 135.5 mg, 0.4697 mmol) (J. B. 
Jones and K. D. Gordon, Can. J. Chew, 1972, 50, 2712-2718) 
in acetone (15 ml) and the mixture was 10 stirred 4 5 min. 
The reaction was quenched with the addition of 2-propanol 

10 (0.44 ml). After stirring a further 10 min. the reaction 
mixture was poured into 30 ml of water and extracted with 
three 15 ml portions of ethyl acetate. The combined organic 
extracts were washed with 15 ml of saturated sodium 
bicarbonate + 15 ml of brine, dried over magnesium sulfate, 

15 and filtered through diatomaceous earth. The residue was 
washed with 10 ml of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. 
Preparative TLC (silica gel GF, 1000 \i, 25% ethyl 
acetate/hexanes as eluent) , and recrystallizat ion from 

20 aqueous ethanol gave lustrous off-white crystals (37.5 mg , _ 
0.125 mmol, 27*), m.p. 94-95°C, homogeneous to TLC (25% 
ethyl acetate/hexanes on silica gel, R f 0.39). 

Example 112 - 17fi-Methylandrost-4-en-3-ol . 

Refer to FIG. 189. LAH (21.3 mg, 0.561 mmol) was 

25 added to a solution of 170-methylandrost -4 -en-3 -one (7, 

143.2 mg, 0.4999 mmol) (J. B. Jones and K. D. Gordon, Can. 
Chexn. 1972, 50, 2712-2718) in 2.8 ml of anh. ether. After 
stirring the suspension for 30 min. Glauber's salt (0.76 g) 
was added and the mixture stirred a further 1/2 h. Ether 

30 (10 ml) was added and the suspension was filtered through 

diatomaceous earth. The residue was washed with three 10 ml 
portions of ether and the combined filtrates were 
concentrated under reduced pressure. The crude product was 
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separated by preparative TLC (silica gel GF, 1000 \l, 5% 
ethyl acetate/methylene chloride as eluent) into a more 
polar component (R f 0.30, 77.9 mg, 0.270 mmol, 54%) and a 
less polar component (Rf 10 0.43, 10.3 mg, 0.0357 mmol, 7%). 

5 Example 113 - 17-Methvlenandrosta-3 , 5-dien-3-yl methyl 
ether . 

Refer to FIG. 190. To 17-methylenandrost-4-en-3-one 
(9, 2.0000 g, 7.0314 mmol) in 2 , 2 -dimethoxypropane (9.4 ml, 
76 mmol) and DMF (9.4 ml) were added 0.3 7 ml of anh. 

10 methanol and 47.0 mg of p- toluenesulf onic acid. After 

refluxing 4 h the reaction mixture was allowed to cool and 
then partitioned between 140 ml of hexanes and 90 ml of 
water. The organic phase was washed with two 90 ml portions 
of water + 90 ml of brine, dried over magnesium sulfate, and 

15 flash filtered through a 30 mm dia. x 37 mm high column of 
silica gel (200-400 mesh) . Product continued eluting with 
200 ml of hexanes. Concentration of the combined filtrates 
under reduced pressure and recrystallization of the residue 
from acetone/methanol gave very slightly yellow platelets 

20 (1.5291 g, 5.1231 mmol, 73%), m.p. 97-99°C, homogeneous to 
TLC (25% ethyl acetate/hexanes on silica gel, R f 0.72). 

Example 114 - 17-Methylenandrost-4-en-6fl-ol-3-one . 

Refer to FIG. 190. To a stirred solution of 17- 
methylenandrosta-3 , 5-dien-3-yl methyl ether (10., 500.1 mg, 

25 1.676 mmol) in DME (10 ml) was added MCPBA (318.6 mg, 1.846 
mmol) in DME (10 ml) and water (4 ml) over a period of 15 
min. After stirring 30 min. the mixture was poured into 50 
ml of saturated sodium bicarbonate and extracted with three 
50 ml portions of ether. The combined organic extracts were 

30 washed with 50 g of 5% (w/w) sodium thiosulfate pentahydrate 
+ three 50 ml portions of brine, dried over magnesium 
sulfate, and filtered through diatomaceous earth. The 
residue was washed with 25 ml of ether and the combined 
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filtrates were concentrated under reduced pressure. Flash 
chromatography (45% ethyl acetate/hexanes on silica gel) 
followed by recrystallizat ion from aqueous ethanol gave 
slightly yellow crystals (187.1 mg, 0.6228 mmol, 37%), m.p. 
5 192-194°C, which TLC (35% ethyl acetate/hexanes on silica 
gel) showed consisted of major (R f 0.17) and minor (R f 0.13) 
components . 

Example 115 - 17-Methvlenandrosta-l , 4 -dien-3-one . 
Refer to FIG. 190. A solution of 17- 

10 methylenandrost-4-en-3-one (9, 1.0001 g, 3.5160 mmol) and 

2, 3-dichloro-5, 6-dicyano-l, 4 -benzoquinone (DDQ, 2.43 g, 10.7 
mmol) in dioxane (60 ml, freshly distilled after overnight 
reflux over sodium) was refluxed 6 h and then cooled with 
swirling in tap water. Methyl t-butyl ether (MTBE, 50 ml) 

15 was added and the suspension was filtered through 

diatomaceous earth. The residue was washed with two 50 ml 
portions of MTBE and the combined filtrates were 
concentrated under reduced pressure . Flash chromatography 
of the residue (20% ethyl acetate/ hexanes on silica gel) 

20 followed by recrystallization from 95% ethanol gave 
off-white crystals {498.9 mg, 1.767 mmol, 50%), m.p. 
155-157°C. 

Example 116 - 17-Methvlenandrosta-l . 3 , 5-trien-3-vl benzoate . 
Refer to FIG. 190. Reaction was carried out in a 
25 procedure adapted from R. W. Draper et al . , Arzneim. -Forsch. 
1982, 32, 317-322, as follows: 

17-Methylenandrosta-l,4-dien-3-one (12, 389.0 mg, 1.378 
mmol), anh. pyridine (4.7 ml, 58 mmol), and benzoyl chloride 
(1.2 ml, 10 mmol) under argon were stirred 18 h in an oil 
30 bath (68-73°C) . After cooling in ice the reaction mixture 
was poured into 40 ml of ice-1 N MCI and extracted with 
three 20 ml portions of methylene chloride. The combined 
organic extracts were washed with 4 0 ml of cold 1 N HC1 +40 
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ml of saturated sodium bicarbonate + 40 ml of brine, dried 
over magnesium sulfate, and filtered through diatomaceous 
earth. The residue was washed with 10 ml of methylene 
chloride and the combined filtrates were concentrated under 
5 reduced pressure. Flash chromatography (4% ethyl 

acetate/hexanes on silica gel) gave a yellow solid (0.43 g, 
1.1 mmol, 81%) . 

Example 117 - i7-Methylenandrosta-l , 4 -dien-6fl-ol -3 -one . 

Refer to FIG. 190. Reaction was carried out in a 

10 procedure adapted from R. W. Draper et-al., Arznoim. -Forsch . 
1982, 32, 317-322, as follows: MCPBA (211.4 mg, 1.225 mmol) 
in DME (6.6 ml) and 30 water (2.7 ml) was added to 
17-methylenandrosta-l, 3 , 5-trien-3-yl benzoate (13. , 0.43 g, 
1.1 mmol) in 6.6 ml of DME over a period 2 0 min. with 

15 stirring. Stirring was continued 30 min. and the reaction 
mixture was then poured into 3 5 ml of saturated sodium 
bicarbonate. The mixture was extracted with three 35 ml 
portions of ethyl acetate. The combined organic extracts 
were washed with 35 g of 5% sodium s thiosulfate 

2 0 pentahydrate + three 3 5 ml portions of brine, dried over 

magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 10 ml of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
Preparative TLC (silica gel GF, 1000 ji, 50% ethyl 

25 acetate/hexanes as eluent) gave a yellow crystalline solid 
(83.7 mg, 0.280 mmol, 25%) homogeneous to TLC (50% ethyl 
acetate/hexanes on silica gel, R f 0.50). 

Example 118 - Androsta-1 , 4 . 16 -trien-6fi-ol-3-one . 

Refer to FIG. 190. Androsta-1, 4, 16-trien-3-one (15, 
30 500.0 mg, 1.863 mmol), anh. pyridine (6.4 ml, 79 mmol), and 
benzoyl chloride (1.6 ml, 14 mmol) under argon were placed 
in an oil bath (70-73°C) and stirred 18 h. After cooling in 
ice the mixture was poured into 50 ml of ice-1 N HC1 and 
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extracted with three 25 ml portions of methylene chloride. 
The combined organic extracts were washed with 50 ml of cold 
1 N HC1 + 50 ml of saturated sodium bicarbonate + 50 ml of 
brine, dried over magnesium sulfate, and filtered through 
5 diatomaceous earth. The residue was washed with 10 ml of 
methylene chloride and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(2% ethyl acetate/hexanes on silica gel) gave yellow 
crystals (0.47 g, 1.3 mmol, 68%) of intermediate benzoate . 

10 This was taken up in chloroform (30 ml) with MCPBA (24 0.0 
mg, 1.391 mmol). After stirring 1 h further MCPBA (239.5 
mg, 1.388 mmol) was added and the reaction was stirred 
another hour. The mixture was then washed with 30 g of 5% 
(w/w) sodium thiosulfate pentahydrate + 30 ml of saturated 

15 sodium bicarbonate + 30 ml of brine, dried over magnesium 
sulfate, and filtered through diatomaceous earth. The 
residue was washed with 10 ml of chloroform and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (40-45% ethyl acetate/hexanes on silica gel) 

20 gave a yellow resin (106.1 mg, 0.3731 mmol, 29%), which TLC 
(40% ethyl acetate/hexanes on silica gel) showed contained 
major (R f 0.34) and minor (R f 0.40) components. 

Example 119 - Androsta-4 . 16-dien-66-ol-3-one . 

To a solution of androsta-3 , 5 , 16 -trien-3 -yl methyl 

25 ether, 12 (200.5 mg, 0.7049 mmol), in 5 ml of 1,2- 
dimethoxyethane (DME) and 1 ml of water was added m- 
chloroperbenzoic acid (MCPBA, 77.4%, 173.2 mg, 0.776 mmol) 
suspended in 5 ml of DME + 1 ml of water + O.4 0 g of 5% 
(w/w) NaOH dropwise, with stirring, over a period of 90 min. 

30 After stirring 18 h further MCPBA (247.0 mg, 1.11 mmol) 
suspended in 10 ml of DME + 2 ml of water + 0.8 g of 5% 
(w/w) NaOH was added dropwise, with stirring, over 1 1/2 h. 
The reaction mixture was stirred 1/2 h and then poured into 
25 ml of saturated sodium bicarbonate. The aqueous mixture 
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10 



was extracted three times with 25 ml of ether and the 
combined organic extracts were washed with 50 g of 5% (w/w) 
sodium thiosulfate + three 50 ml portions of brine, dried 
over magnesium sulfate, filtered through Celite, and 
concentrated under reduced pressure. The resulting 
crystalline residue was purified by preparative TLC (35% 
ethyl acetate/hexane on silica gel) followed by two- fold 
recrystallizat ion from aqueous ethanol to give lustrous 
white platelets (102.3 mg, 0.3571 mmol, 51%), m.p. 
165-166°C. 



MCP6A 



OH 



Example 120 - 20-Homoandrosta-4 , 17 -dien- 3 -one . 

Refer to FIG. 191. To a partial solution of 20- 
homoandrosta-5, 17-dien-3-ol (1.0001 g, 3.4911 mmol) in 100 

15 ml of toluene and 20 ml (0.19 mol) of cyclohexanone was 

added aluminum isopropoxide (2.00 g r 9.79 mmol) in 20 ml of 
warm toluene. After refluxing 4 h the cooled reaction 
mixture was shaken 1 min. with 5 ml of water and 12.5 ml of 
3.6N sulfuric acid. The organic layer was washed with 50 ml 

20 of brine, dried over magnesium sulfate, filtered through 

Celite, and concentrated under reduced pressure. Following 
steam distillation to remove cyclohexanone the non-volatile 
residue was taken up in two 10 ml aliquots of 
dichloromethane, dried over magnesium sulfate, filtered, and 

25 concentrated. The oily residue was purified by flash 

Chromatography (15% ethyl acetatelhexane on silica gel) and 
recrystallization from aqueous acetone to give colorless 
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needles (238.8 mg, 0.8400 mmol, 24%), m.p. 130-134°C [lit. 
(B. S. Macdonald et al., Steroids 1971, 18, 753-766) m.p. 
129-131°C] . 

Example 121 - 20 -Homoandrosta-4 , 17-dien- 3-ols . 
5 Refer to FIG. 191. To 20 -homoandrosta-4 , 17-dien-3- 

one (119.0 mg, 0.4184 mmol) in 5 ml of methanol were added 
sodium borohydride (6.0 mg, 0.16 mmol) and 77 ml of water. 
After stirring 2 h further sodium borohydride (32.0 mg, 
0.846 mmol) was added and the mixture was stirred overnight 
10 After concentrating under reduced pressure the residue was 
purified by preparative TLC (5% ethyl acetate/hexane on 
silica gel) to give a more polar (59.8 mg) and a less polar 
(1.7 mg) product. 

Example 122 - 2 0 -Homoandrosta-4 , 17-diene-3 . 6-dione . 

15 Refer to FIG. 191. To a cooled solution of 

20-homoandrosta-5, 17-dien-3-ol (399.4 mg, 1.394 mmol) in 50 
ml of acetone was added 2.67M Jones reagent (2.0 ml, 5.3 
mmol) . After stirring 1 h the reaction was quenched with 
isopropanol (1.0 ml, 13 mmol) and poured into 100 ml of 

20 water. The mixture was extracted three times with 50 ml 

portions of ethyl acetate and the combined organic extracts 
were washed with 50 ml of saturated sodium bicarbonate + 50 
ml of brine . The organic phase was then dried over 
magnesium sulfate, filtered, and concentrated under reduced 

25 pressure. The residue was recrystallized from 95% ethanol 
to give an almost white powder (177.8 mg, 0.5958 mmol, 43%) 
m.p. 113-115°C. 

Example 123 - 6B. 19-Epoxy-17-iodoandrosta-4 , 16-diene-3 - 
ethylene ketal . 
30 Refer to FIG. 192. A mixture of crude 

6/?, 19-epoxy-5jS-chloro-17-iodoandrost-16-ene (H, 1*38 g, 
3.09 mmol) (G. Habermehl and A. Haaf, Z. Naturforsch. 1970, 
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25b, 191-195), ethylene glycol (0.97 g, 16 mmol) , toluene 
(50 ml), and ptoluenesulf onic acid monohydrate (20.3 mg, 
0.107 mmol) was refluxed 19 h with azeotropic removal of 
water (Deen-Stark) . After cooling ethyl acetate (100 ml) 
5 was added and the reaction mixture was washed with 100 ml of 
saturated sodium bicarbonate + 100 ml of brine. The organic 
phase was dried over magnesium sulfate and filtered through 
diatomaceous earch. The residue was washed with 25 ml of 
ethyl acetate and the combined filtrates were concentrated 

10 under reduced pressure to give a tan, crystalline solid 

(1.47 g) . This residue was suspended in anh. methanol (40 
ml), potassium acetate (2.44 g, 24.9 mmol) was added, and 
ca . 26 ml of methanol were distilled off. The remainder was 
concentrated under reduced pressure, water (50 ml) was 

15 added, and the mixture was extracted three times with 25 ml 
aliquots of methylene chloride. The dried (sodium sulfate) 
extracts were filtered through diatomaceous earth and the 
residue was washed with 10 ml of methylene chloride. 
Concentration of the combined filtrates under reduced 

20 pressure gave a yellow solid, which was purified further by 
flash chromatography (5-7.5-10% ethyl acetate/methylene 
chloride on silica gel) and recrystallization from methanol 
to give light yellow needles (914.6 mg, 2.013 mmol, 65%), 
m.p. 187-189°C. l H-NMR: 6.13 d, 1H, dd, 16-H; 5.82 d, 1H, s, 

25 4-H; 4.71 d, 1H, d, 6a-H; 4.22 d and 3.53 d, 2H, AB, 19-H's; 
4.10-3.28 a, 4M, mult., 3-ketal H's; 0.83 3, 3H, s, 18-Me. 

Example 124 - Androsta-4 , 16-dien-19-ol-3-one . 

Refer to FIG. 192. Anh. ammonia (ca. 75 ml) was 
distilled through a KOH tower into a 250 ml flamedried 
30 3 -neck flask fitted with an inlet adapter, a magnetic 

stirring bar, a dry ice/acetone condenser, 35 and a stoDPer. 
A solution of 60, l9-epoxy-l7-iodoandrosta-4 , 16-diene 
3-ethylene ketal (18., 880.4 mg, 1.938 mmol) in dry 
tetrahydrof uran (THF, 45 ml) was added, followed by metallic 
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sodium (0.20 g, 8.7 mg-atom) cut in small pieces. After 
stirring under argon pressure for 30 min. the reaction was 
quenched with the addition of abs . ethanol (1.0 ml). 
Ammonia was allowed to boil off overnight, 50 ml of water 
5 were added, and the mixture was extracted with three 25 ml 
portions of methylene chloride. The combined organic 
extracts were washed with 50 ml of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
After washing the residue with 10 ml of methylene chloride 

10 the combined filtrates were concentrated under reduced 
pressure. The intermediate ketal proved remarkably 
unreactive, but was finally hydrolyzed by refluxing 18 h in 
5 ml of chloroform and 2.5 ml of 4 N hydrochloric acid. To 
the cooled hydrolysis mixture ethyl acetate {50 ml) was 

15 added and the layers were separated. The organic phase was 
washed with 25 ml of saturated sodium bicarbonate + 25 ml of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 ml of 
ethyl acetate and the combined filtrates were concentrated 

20 under reduced pressure. The resulting brown foam was 

purified by flash chromatography (50% ethyl acetate/hexanes 
on silica gel) followed by preparative TLC (50% ethyl 
acetate/hexanes on silica gel GF, 1000/x thickness) to give a 
partially crystalline film (66.7 mg, 0.233 mmol, 12%). 

25 l H-NMR: 5.92 3, 1H, s, 4-H; 5.87-5.64 3, 2H, mult., 16,17- 

H'S; 4.103 and 3.94 3, 2H # AB, 19-H'S; 0.79 3, 3H, s, 18-Me. 

Example 125 - Androst-5-en-3fl, 19-diol-17- (p- 
toluenesulf onvl) hvdrazone . 

Refer to FIG. 193. A suspension of 
30 androst-5-en-3/3, 19-diol-17-one {I, commercially available 
from Research Plus, 512.5 mg, 5 1.6 84 mmol) and 
p-toluenesulf onylhydrazide (p-TsNHNH 2 , 392.1 mg, 2.105 mmol) 
in 2-propanol (6.0 ml) was refluxed 24 h. To the cool 
reaction mixture were added 20 ml of ether and the solvent 
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was removed under reduced pressure. The residue was taken 
up in 10 ml of ether and the solution was filtered through 
diatomaceous earth. 10 ml of hexanes were added to the 
filtrate and the suspension was concentrated under reduced 
5 pressure. Residue was taken up in 10 ml of hot benzene and 
the cooled suspension was filtered. The filtrate was 
concentrated under reduced pressure and then, flash 
chromatographed (40% ethyl acetate/hexanes on silica gel) to 
give an opaque resin (0.69 g, 1.5 mmol, 87%). 

10 Example 126 - Androsta-5 , 16 -dien-3fl , 19-diol . 

Refer to FIG. 193. A solution of 
androst- 5 -en- 3(3, 19-diol - 17- (p- toluenesulf onyl ) hydrazone (2 , 
0.6 9 g, 1.5 mmol) in anh. tetrahydrof uran (THF, 3 5 ml) was 
cooled in an ice/acetone bath under argon and n-butyllithium 

15 (2.5 in hexanes, 3.7 ml, 9.3 mmol) was added dropwise, with 
stirring, over the period of 1 min. The reaction mixture 
was stirred 4 days, during which time it was allowed to 
gradually warm to room temperature. The reaction was then 
poured into 50 ml of ice-saturated ammonium chloride and the 

2 0 layers were separated. The aqueous layer was extracted 
twice with 25 ml portion of ethyl acetate. The combined 
organic phases were washed with 2 5 ml of saturated sodium 
bicarbonate + 25 ml of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 

25 washed with 10 ml of ethyl acetate and the combined 

filtrates were concentrated under reduced pressure. The 
residual yellow resin was flash chromatographed (50-55-60% 
ethyl acetate/hexanes on silica gel) and crystallized from 
methyl t-butyl ether/benzene to give fluffy white crystals 

30 (92.5 mg, 0.361 mmol, 24%), m.p. 169-171°C. 
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Example 127 - 19, 21-Bisnorchola-l . 3 . 5 (10) . 17Z- tetraen- 3 -vl 
methvl ether, 2 (Scheme 14) : To a solution of 
19, 21-bisnorchola-l, 3, 5 (10) , 17Z- tetraen-3/?-ol (1, 1.0000 g, 
3.2208 mmol) in 50 mL of acetone was added potassium 
5 carbonate (0.67 g, 4.8 mmol), and the resulting suspension 
was heated to reflux with exclusion of moisture. Dimethyl 
sulfate (0.76 mL, 8.0 mmol) was added and reaction was 
continued 22 h. The mixture was then poured into 50 mL of 
5% (w/w) sodium hydroxide and extracted 3 times with 50 mL 

10 portions of ether. The combined organic extracts were 
washed 3 times with 50 mL portions of brine, dried over 
magnesium sulfate, and filtered through diatomaceous earth. 
The residue was washed with 25 mL of ether and the combined 
filtrates were concentrated under reduced pressure. 

15 Crystallization of the residual tan solid from 95% ethanol 
with intermediate treatment with charcoal yielded lustrous 
white platelets (753.1 mg, 2.321 mmol, 72%), m.p. 80.5-82°C, 
homogeneous to TLC (10% ethyl acetate/hexanes on silica gel; 
product R f 0.69; estra-1, 3 , 5 (10) , l6-tetraen-3-yl methyl 

20 ether R f 0.66) . 

Example 128 - 19, 21 -Bisnorchola- 2 . 5 (10) . 17Z-trien-3-vl 
methvl ether, 3 (Scheme 14) : A solution of 19,21-- 
bisnorchola- 1, 3 , 5 (10) , 17Z-tetraen-3-yl methyl ether (2, 
450.0 mg, 1.387 mmol) in 13 mL of anh. THF + 4.60 g (62.1 

25 mmol) of t-butanol was added to ca. 50 mL of anh. ammonia, 

followed by 0.20 g (29 mg-atom) of lithium wire cut in small 
pieces. Reaction was continued for 7 h, after which 1.6 mL 
of methanol were added and ammonia was allowed to boil off 
overnight. 40 mL of water were added and the mixture was 

30 extracted 3 times with 40 mL portions of ether. The 

combined organic extracts were washed 3 times with 40 mL 
portions of brine, dried over magnesium sulfate, and 
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filtered through Celite 503. The residue was washed with 10 
mL of ether and the combined filtrates were concentrated 
under reduced pressure. Flash filtration of the resulting 
white platelets (hexanes - 1% ethyl acetate/hexanes - 2% 
5 ethyl acetatethexanes) followed by recrystallization from 
95% ethanol gave lustrous, fine, white platelets (329.7 mg, 
1.010 mmol, 73%), in. p. 76-77°C. TLC (1% ethyl 
acetate/hexanes) showed this to be a mixture of the desired 
Birch product (R f 0.15) and starting material (R f 0.09). 

Example 129 - 19 , 21-Bisnorchola-4 , 17Z-dien- 3 one. 4 (Scheme 
-14) : To a solut ion of crude 1.9 , 21-bisnorchola- 
2, 5 (10) , 17Z-trien-3-yl methyl ether (3, 130 mg, 0.3981 mmol) 
in 3 5 mL of acetone were added 1.3 mL of methanol and 1.3 mL 
of con. (12.1 M) HCl . After stirring 1 h f 1.33 g of sodium 
bicarbonate + 10 mL of water were added and the mixture was 
extracted 3 times with 5 mL portions of methylene chloride. 
The combined organic extracts were washed with 5 mL of 
brine, dried over sodium sulfate, and filtered through 
Celite 503. The residue was washed with 5 mL of methylene 
chloride and the combined filtrates were concentrated .under 
reduced pressure. Preparative TLC (10% ethyl 
acetatelhexanes on alumina GF, 1000 /x) of the resulting 
yellow syrup produced a slightly yellow resin (293 mg, 93.7 
/imol, 24%) homogeneous to TLC (10% ethyl acetate/hexanes on 
silica gel; product R f 0.1; estra-4 , 16 -dien-3 -one R f 0.1). 

Example 130 - 19 . 21 -Bisnorchola- 1 . 3 . 5 (10 ) - trien- 3 -yl methyl 
ether, 6 (Scheme 14) : To a solution of 19,21- 
bisnorchola-1, 3 , 5 (10) -trien-3-ol (5, 460.0 mg, 1.472 mmol), 
in 25 mL of acetone was added potassium carbonate (0.31 g, 
30 2.2 mmol), and the suspension was heated to reflux with 

exclusion of moisture. Dimethyl sulfate (0.34 mL, 3.6 mmol) 



15 



20 
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was added and reaction was continued for 20 h. The mixture 
was then poured into 2 5 mL of 5% (w/w> sodium hydroxide and 
extracted 3 times with 25 mL portions of ether. The 
combined organic extracts were washed 3 times with 25 mL 
5 portions of brine, dried over magnesium sulfate, and 

filtered through diatomaceous earth. The residue was washed 
with 10 mL of ether and the combined filtrates were 
concentrated under reduced pressure. Flash chromatography 
(10% ethyl acetate/hexanes on silica gel) gave a colorless 
10 syrup (0.43 g, 1.3 mmol, 89%). 

Example 131 - 19, 21-Bisnorchola-2 . 5 (10) -dien-3-yl methyl 
ether . 7 (Scheme 14 ) : A solution of 19 , 21-bisnorchola- - 
1, 3, 5 (10) -trien-3-yl methyl ether (6, 0.36 g, 1.1 mmol) in 
10 mL of anh. THF + 3.68 g (49.6 mmol) of t-butanol was 

15 added to ca. 35 mL of anh. ammonia, followed by 0.16 g (23 
mg atom) of lithium wire cut in small pieces. Reaction 
proceeded for 8 h and was then quenched with 1.3 mL of 
methanol. After allowing ammonia to boil off overnight, 30 
mL of water were added and the mixture was extracted 3 times 

20 with 30 mL portions of ether. The combined organic extracts 
were washed 3 times with 30 mL portions of brine, dried over 
magnesium sulfate, and filtered through Celite 503. The 
residue was washed with 2 5 mL of ether and the combined 
filtrates were concentrated under reduced pressure to give a 

25 colorless syrup (0.33 g, 1.0 mmol, 91%) homogeneous to TLC 
(5% ethyl acetate/hexanes on silica gel; R f 0.69; starting 
material R f 0.56 0.49). 

Example 132 - 19 . 21-Bisnorchol-4-en-3-one, 8 (Scheme 14) : 
To a solution of 19 , 21-bisnorchola-2 , 5 ( 10 ) -dien-3 -yl methyl 
30 ether (7, 0.27 g, 0.82 mmol) in 7.2 mL of acetone were added 
2.3 mL of methanol and 2.3 mL of con. (12.1 M) HCl . After 
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stirring 1 h, 2.75 g of sodium bicarbonate and 20 mL of 
water were added and the mixture was extracted 3 times with 
10 mL portions of methylene chloride. The combined organic 
extracts were washed with 10 mL of brine, dried over sodium 
5 sulfate, and filtered through Celite 503. The residue was 
washed with 10 mL of methylene chloride and the combined 
filtrates were concentrated under reduced pressure. 
Preparative TLC (20% ethyl acetate/hexanes on alumina GF, 
1000 fi) gave a light yellow syrup (125.6 mg, 0.3994 mmol, 
10 4 9%) homogeneous to TLC (20% ethyl acetate/hexanes on silica 
gel; product R f 0.39; estra-4 , 16-dien-3 -one R f 0-34). 

Example 133 - 16 a . 17pf-Epoxyestra-l . 3 , 5 ( 10) -trien-3 -ol , 2 
(Scheme 15) : To a solution of 1 , 3 , 5 ( 10 ) , 16 -estratetraen-3 - 
ol (2, CAS No. [1150-90-9], 636.0 mg, 2.500 mmol) in 15 ml of 

15 l, 2-dimethoxyethane (DME) was added m-chloroperbenzoic acid 
(862.9) mg, 5,000 mmol) in 25 mL of DME over 3 minutes and 
the reaction was stirred for 6 h. The mixture was poured 
into 140 g of 5% (w/w) sodium thiosulfate pentahydrate and 
extracted three times with 100 mL portions of ethyl acetate. 

20 The combined organic extracts were washed with 100 mL of 
saturated sodium bicarbonate + three 100 mL aliquots of 
saturated sodium chloride, dried over magnesium sulfate, and 
filtered through Celite® 503. The residue was washed with 
50 mL of ethyl acetate and the combined filtrates were 

25 concentrated under reduced pressure. Flash chromatography 
(20% ethyl acetate/hexanes on silica gel) of the resulting 
residue, followed by recystallization from ethyl acetate 
gave lustrous white platelets (349.9 mg, 1.294 mmol, 52%), 
m.p. 217-219°C (lit. [Prelog, V., Ruzicka, L. , and Wieland, 

30 P., (1945), "Steroids and Sexualhormone" , (111 .Mitteilung) . 
Uberein neues Stereoisomers des Oestriols., Helv. Chem. 
Acta . 28:250-256] m.p. 215°C) , homogeneous to TLC (20% ethyl 
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acetate/hexanes on silica gel; R f 0.32; starting material R, 
0.50) . 

Example 134 - Estra-4 . 16-dien-10)S-ol-3-one , 4 (Scheme 15) : 
To a solution of estra-5 (10) , 16-dien-3 -one (3, 256.4 mg, 
5 1.000 mmol) in 6 ml of 1 , 2 -dime thoxye thane (DME) was added 
MCPBA (189.8 MG, 1.100 mmol) in 6 mL of DME + 2.4 mL of 
water. After stirring 1/2 h, the reaction mixture was 
poured into 30 g of 5% (w/w) sodium thiosulfate pentahydrate 
and extracted three times with 30 mL aliquots of ethyl 

10 acetate. The combined organic extracts were washed with 30 
mL of saturated sodium bicarbonate + three 3 0 mL portions of 
brine, dried over magnesium sulfate, and filtered through 
diatomaceous earth. The residue was washed with 10 mL of 
ethyl acetate and the combined filtrates were concentrated 

15 under reduced pressure. To the resulting crystalline film 
was added 45 mL of 5% (w/v) potassium hydroxide in methanol 
and the mixture was refluxed with exclusion of moisture for 
1 h, after which it was poured into 100 mL of ice water and 
extracted three times with 70 mL aliquots of ether. The 

20 combined ethereal extracts were washed three times with 70 
mL portions of brine, dried over magnesium sulfate, and 
filtered through diatomaceous earth. The residue was washed 
with 25 mL of ether and the combined filtrates were 
concentrated under reduced pressure. Preparative TLC (50% 

25 ethyl acetate/hexanes on alumina GF, 1000 n) of the residual 
resin, followed by recystallization from aqueous ethanol 
gave light yellow needles (62.4 mg, 0.229 mmol, 23%), m.p. 
156-166°C. TLC (50% ethyl acetate/hexanes on silica gel; 
estrone R f 0.59) showed a major product (R f 0.44) with minor 

30 contaminants at R f 0.62 and 0.73. 
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A solution of estra-5U0> . IS -dier.- 3 -or.e was created 
MC?3A as ir. Example 134. except chat 4 equivalents of MC?3A 
are used ir.scead of a slight excess of 1 equivalent 
refluxir.g. the resulting product in 5% (w/v> potassiu- 
hydroxide ir. methanol, and after work-up and purificati- 
on Example 134, 16a, l7 a -epoxyestr-4 -en-lO^-ol-3-one was 



obtained . 



MCPBA 



t.1 aqMCMA 



S)N0H/ftMOKA 



KOH /NUCHA 



LO 



15 



^,- r T , ,v; - E,rra-S(10),l6-^pr-Vone ? f Scheme 16) J 

To approximately 200 ml of anh. ammonia was added 

estratetraenol methyl ether (2.20 g. 8.20 mmol) in 27.07 g 
( 3652 mol) of t-butyl alcohol and 34 mL of anh. THF, 
followed by 1.01 9 (0.146 g-atom) of lithium wire cut in 
small pieces. After refluxing 4 h. 9.2 mL of methanol were 
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added and the ammonia was allowed to boil off overnight. 
Water (200 mL) was added and the mixture was extracted 3 
times with 100 mL aliquots of ether. The combined organic 
extracts were washed twice with 100 mL portions of brine, 
5 dried over magnesium sulfate, and filtered through 

diatomaceous earth. The residue was washed with 25 mL of 
ether and the combined filtrates were concentrated under 
reduced pressure. The resulting crystalline syrup 
(presumably crude ether 1) was dissolved in 200 mL of 
10 acetone and oxalic acid dihydrate (2.88 g) in 38 mL of water 
was added. After stirring 7 h, the mixture was poured into 
100 mL of saturated sodium bicarbonate and extracted 3 times 
with 100 mL aliquots of ether. The combined organic 
extracts were washed 3 times with 100 mL portions of brine, 
15 dried over magnesium sulfate, and filtered through 

diatomaceous earth. The residue was washed with 25 mL of 
ether and the combined filtrates were concentrated under 
reduced pressure. Two-fold crystallization of the resulting 
white solid from hexane yielded white crystals (1.2931 g, 
20 5.0435 mmol, 62%), m.p. 117-119°C. TCL (10% ethyl 

acetate/hexane on silica gel; estratetraenol methyl ether R f 
~0.61( showed product (R f 0.34) With a "trace contaminant (R f 
0.14) . 

Example 135A - 16a, 17a-Epoxvestr-4-en-lQ]g-ol-3-one, 3 (Scheme 
161: 

Estra-5 (10) , 16 -dien-3 -one (2, 270.4 mg, 1.055 mmol) 
in 6.7 mL of chloroform was cooled in an acetone/dry ice 
bath and 3-chloroperoxybenzoic acid (724.8 mg, 4.200 mmol) 
in 7.4 mL of ether was added. After stirring 2 h f the 
mixture was placed in the refrigerator. After 18 h, the 
mixture was poured into 60 g of 5% (w/w) sodium thiosulfate 
pentahydrate and was extracted three times with 25 mL 



25 



30 
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aliquots of ethyl acetate. The combined organic extracts 
were washed with 25 mL of saturated sodium bicarbonate +25 
mL of brine, dried over magnesium sulfate, and filtered 
through diatomaceous earth. The residue was washed with 10 
5 mL of ethyl acetate and the combined filtrates were 

concentrated under reduced pressure. To the resulting white 
solid were added 50 mL of 5% (w/v) potassium hydroxide in 
methanol and the mixture was refluxed 1 h with exclusion of 
moisture. After cooling, the mixture was poured into 100 mL 

10 of ice water and extracted three times with 70 mL aliquots 

of ether. The combined organic extracts -were washed 3 times 
with 70 mL portions of brine, dried over magnesium sulfate, 
and filtered through diatomaceous earth. The residue was 
washed with 25 mL of ether and the combined filtrates were 

15 concentrated under reduced pressure. The resulting yellow 
resin was chromatographed twice on alumina GF preparative 
TLC plates (1000 m) to give a white crystalline solid (55.1 
mg, 0.191 mmol, 18%). 
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Scheme 16 
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Example 136 - Electrophvsioloqy of Androstane Stimulation of 
the Human VNO and Olfactory Epithelium . 

A non- invasive method has been employed to record 
local electrical potentials from the human vomeronasal organ 
5 (VNO) and from the olfactory epithelium (OE) . Localized 
gaseous stimulation was applied to both nasal structures at 
different instances using specially designed 
catheter/electrodes connected to a multichannel drug 
delivery system. This electrode and delivery system has 

10 been described by Monti and Grosser ( J. Steroid Biochem. and 
Molec. Biol. (1991) 39:573) and in commonly owned, copending 
USSN 07/771,414, incorporated herein by reference. The local 
response of the VNO and the OE showed a correlation with the 
concentration of the ligand stimulus. 

15 The study was performed on ten clinically normal 

(screened) volunteers - 2 males and 8 females, ranging in 
age from 18 to 85 years. The studies were conducted without 
general or local anesthetics . 

The catheter/electrodes were designed to deliver a 

20 localized stimulus and simultaneously record the response. 
In the case of VNO recording, the right nasal fossa of the 
subject was explored using a nasoscope (nasal specula) and 
the vomeronasal opening was localized close to the 
intersection of the anterior edge of the vomer and the nasal 

25 floor. The catheter/electrode was gently driven through the 
VNO-opening and the electrode tip placed in the organ's 
lumen at 1 to 3 mm from the opening . The nasoscope was then 
removed. In the case of the OE, recording the procedure was 
similar except the positioning of the catheter/electrode was 

30 gently placed deep in the lateral part of the medial nasal 
duct, reaching the olfactory mucosa. 

Localized gaseous stimulation was done through the 
catheter/electrode. A constant stream of clean, nonodorous, 
humidified air at room temperature was continuously passed 

35 through a channel of the stimulating system. The 
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stimulating ligand substances were diluted in propylene 
glycol, mixed with the humidified air, and puffed for from l 
to 2 seconds through the catheter/electrode. It is 
estimated that this administration provides about pg of the 
5 steroid-ligand to the nasal cavity. The results of this 
study are presented in Figures 180A, 180B and 180C. The 
response is measured in millivolt-seconds <mV x s) . 
Androsta-4, 16-dien-3 -one elicits a significantly stronger 
VNO response in females than do the other compounds tested 
10 (Fig. 180A) . Furthermore, the VNO response to 

Androsta-4, 16 -dien-3 -one is sexually dimorphic - twice as 
strong in females as it is in males (Fig. 180B) . In 
contrast, the OE response in both males and females is low 
compared to a strong odorant such as clove (Fig. 180C) 

15 Example 137 - Measurement of the Change in Receptor 

Potential of the N euroepithelium of the VNO in Response to 
Various Steroids . 

The change in receptor potential in response to five 
different ligands was measured in 40 female (FIG. 181A) and 

20 40 male (FIG. 181B) subjects. Each subject was administered 
60 pg of each of seven substances as indicated in the 
figure. The substances were administered separately for 1 
second. The change in potential of the neuroepithelium of 
the VNO was recorded over time and the integral of the 

25 change in potential for each of the forty subjects was 

averaged. The results are shown in the figure. Comparison 
of Figures 181A and 181B show that each steroid is sexually 
dimorphic in its activity, and that some ligand substances 
are stronger in males while others are stronger in females. 

30 Example 13 8 - Measuremen t of Autonomic Responses to 16- 
Androstene Stimulation of the VNO . 

Various autonomic parameters were monitored as 
Androsta-4 , 16-dien-3-one was administered to 40 female 
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subjects. Propylene glycol was also administered as a 
control. The ligand was administered as a 1 second pulse. 
The change in autonomic function was first noted within 2 
seconds and lasted for up to 4 5 seconds. As shown in FIG. 
5 182, when compared to a propylene glycol control, the 

Androstane induced a significant change in the integrated 
receptor potential in the VNO (182A) , galvanic skin response 
(182B), skin temperature (182C) , the percentage of cortical 
alpha wave activity as measured by electroencephalogram 
10 (182D), peripheral arterial pulse (182E) , and respiratory 
frequency (182F) . 

Example 13 9 - Compar ison of the Change in Receptor Potential 
Induced bv Two Androstane Steroids . 

60 picograms of each ligand steroid and of a 
15 propylene glycol control were administered to 5 female 

subjects. As shown in FIG. 183, Androsta-4 , 16-dien-3/3-ol 
induced a greater change in receptor potential than did 
Androsta-4 , 16-dien-3-one . 

Example 14 0 - Psychophysiological Effect of Androstane 

20 Stimulation of the VNO . 

The psychophysiological effect of Androstane 
stimulation of the VNO was measured by the coordinate 
administration of pheromone and questionnaire evaluation of 
the subject before and after administration. The 

25 questionnaire included a panel of adjectives used as part of 
the standard Derogatis Sexual Inventory evaluation. 

The subjects were 40 women between the ages of 20 
and 45, all in good health. The women were randomly 
assigned - 20 exposed to placebo and 20 exposed to about 20 

30 picograms of Androsta-4 , l6-dien-3 -one . Subjects were given 
a 70 item questionnaire evaluating feeling states 
immediately before and 30 minutes after administration of 
either placebo or experimental substance. The 70 adjectives 
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of the questionnaire were randomly administered and 
subsequently clustered for evaluation based on their 
relevance to each mood, feeling, or character trait. The 
results were as follows: Changes in feelings of social 
5 warmth, personal well-being, arousal/excitement, and 

aggression, from before administration to 3 0 minutes after 
administration, were not significant in those exposed to the 
16-Androstene compared to the changes resulting from 
administration of the control. However, the decrease in 
10 negative affect (nervous, tense, ashamed, anxious, 
irritable, angry, enraged - T-test: p<0.000l, Anova: 
p<0.04), negative mood and character (sensitive, regretful, 
blameworthy, guilty, remorseful, sad, hopeless, resentful, 
worthless, miserable, unhappy, bitter, timid - T-test: 
15 p<0.0004, Anova: p<0.06), and overall negativity (the 
combination of affect and character - T-test: p<0.0003, 
Anova: p<0.05) were highly significant after 16-Androstene 
administration as compared to administration of the control. 
Overall, these results suggest a sedative and/or 
20 anti-anxiety, and/or anti -depressant effect of Androsta-4 
16-dien-3-one when administered intranasally . 

Example 141 - Electrophvaiol ogjcal Sfn^ i^a 

The following electrophysiological studies were 
performed in 60 clinically normal human volunteers of both 

25 sexes (30 male and 30 female) whose ages ranged from 20 to 
45 years. No anesthetics were used, and female subjects 
were excluded if pregnant. 

The stimulation and recording system consists of a 
"multifunctional miniprobe" described elsewhere 

30 (Monti-Bloch, L. and Grosner, B.l. (1991) "Effect of 

putative pheromones on the electrical activity of the human 
vomeronasal organ and olfactory 35 epithelium, J. Steroid 
Biochem. Molec. Biol , 39:573-582.). The recording electrode 
is a 0.3 mm silver ball attached to a small (0.1 mm) silver 
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wire insulated with Teflon® the surface of the electrode is 
first treated to produce a silver chloride interface, and is 
then covered with gelatin. It is positioned within a small 
caliber Teflon® catheter (dia = S mm) such that the tip of 
5 the electrode protrudes approximately 2 mm. The Teflon® 
catheter is 10 cm in length and constitutes the terminal 
extension for a multichannel delivery system which delivers 
a continuous air stream carrying discreet pulses of 
chemosensory stimuli. The air stream first passes into a 

10 small chamber and is bubbled through a solution containing 
either a vomeropherin or an olfactant in a diluent or the 
diluent alone. A solenoid is used to rapidly redirect the 
air stream from the chamber to a route which bypasses the 
chamber. This creates a discreet pulse of stimulant in the 

15 air stream. A second, outer Teflon® tube with a diameter of 
2 mm surrounds the catheter-electrode assemblage, and its 
central end is connected to an aspirator that provides 
continuous suction of 3ml/s. This concentric arrangement of 
the outer suction tube allows the emitted chemosensory 

20 stimuli to be localized to an area we call a "minifield" 

(approx. dia = 1 mm) , and it avoids diffusion of substances 
either to the area outside the intended stimulation site or 
into the respiratory system. The entire stimulating and 
recording assemblage may be positioned either on the 

25 neurosensory epithelium within the VNO, or on the surface of 
the olfactory or respiratory epithelium. 

Electro-vomerona soaram (EVG) : Recordings are carried out in 
a quiet room with the subject supine; the multi-functional 
miniprobe initially stabilized within the nasal cavity using 
30 a nasal retractor placed in the vestibule. Reference and 
ground electrodes consist of silver discs (8 mm) , both of 
which are positioned on the glabella. 

The entrance to the VNO, or vomeronasal pit, is 
identified by first dilating the nasal aperture and 
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vestibule. A 6x magnifying binocular loupe with halogen 
illumination is then used to introduce the tip of the 
Teflon® catheter and recording electrode assemblage into the 
VNO opening where it is stabilized at an approximate depth 
5 of 1 mm within the vomeronasal passage. Optimal placement 
of the recording electrode is signaled after testing for an 
adequate depolarization in response to a test substance. 

Electrical signals from the recording electrode are 
fed to a DC amplifier after which they are digitized, 

10 computer monitored, and stored. The peak-to-peak amplitude 
of the signals is measured, and the area under the 
depolarization wave is integrated, while continuously 
monitoring the signal both on the computer screen and on a 
digital oscilloscope. Artifacts produced by respiratory 

15 movements are deleted by training the subjects to practice 
mouth breathing with velopharyngeal closure. 

Chemosensorv Stimulants : Olfactory test substances are 
cineole, and 1-carvone; vomeropherins are A, B, C, D, E and 
F, in FIGS. 180-184. Samples of vomeropherins in 

20 concentration of 25-800 f moles are delivered in the 

continuous air stream for durations from 300 milliseconds to 
1 second. Usually, intervals of 3 to 5 minutes separated 
each series of short test pulses. All components of the 
lines carrying the test stimuli are made of Teflon®, glass 

25 or stainless steel and are carefully cleaned and sterilized 
before each use. 

Electro-olf actoram (EOG) : Olfactory recordings employed the 
same stimulating and recording multifunctional miniprobe as 
that used for the VNO. The tip was slowly introduced until 
30 the recording electrode touched the olfactory mucosa. 
Adequate placement was signaled by a depolarization in 
response to a pulse of the odorant test substance. 
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Cortical evoked activity was induced by VNO 
stimulation with vomeropherins, and olfactory stimulation 
with odorants delivered in 300 ms air pulses. It was 
recorded using standard electroencephalographic (EEG) 
5 electrodes placed at positions Cz-Al and Tz-Al of the 

international 10120 system; the ground electrode was placed 
on the mastoid process. Electrodermal activity (EDA) was 
recorded using standard 8 mm silver electrodes in contact 
with palmar skin of the medial and ring fingers 

10 respectively, through a conductive gel interface. Skin 

temperature (ST) was recorded by a small U.O mm) thermistor 
probe placed in the right ear lobe. Peripheral arterial 
pulse (PAP) was monitored with a plethysmograph attached to 
the tip of the index finger. Respiratory frequency (RF) was 

15 measured with an adjustable strain gauge placed around the 
lower thorax. All electrical signals were DC amplified, 
digitized (MP-100, Biopac Systems) and continuously 
monitored utilizing a computer. 

Statist ical Analysis : EVGs or EOGS, peak-to-peak changes 
20 and frequency changes of other parameters were measured and 
statistically analyzed. The significance of the results was 
determined by either using paired t -tests or analysis of 
variance (ANOVA) . 

Effect of Vomero oherins on the EVG : Each of the 
25 vomeropherins was found to produce a sexually dimorphic 

receptor potential (FIGS. 184A and 184B) . Recordings of the 
EVG were performed on 30 men and 3 0 women (ages 20 to 45) . 
Vomeropherins were diluted and applied as 1 second pulses to 
the VNO with b minute intervals between pulses when 
30 questioned, the subjects were not able to "smell" or 

otherwise consciously detect any of the vomeropherins. This 
finding is in agreement with results previously reported 
(Monti-Bloch, L. and Grosser, B.l. (1991) "Effect of 
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putative pheromones on the electrical activity of the human 
vomeronasal organ and olfactory 5 epithelium, " J. Steroid 
Biochem. Molec. Biol. 39:573-582) which indicated that 
neither olfactory nor vomeropherin test stimuli delivered to 
5 the VNO elicit a perceptible sensation at the delivered 
concentration . 

FIG. 184A shows the average response of male 
subjects (ages 20 to 38) to the diluent, and to equimolar 
quantities (100 fmoles) of five vomeropherins (A, B, C, D 

10 and F) , and to E, a stereoisomer of F. The profile of the 
response to each of the substances was similar in all 
subjects regardless of age, and no significant differences 
were revealed either by t- tests or by analysis of variance. 
For example, A, C and D produced significant effects (M 15 = 

15 11.4 mV, SD = 3.6 mV; M 76 = 6.4 mV, SD 2.5 mV, and M 84 = 15.1 
mV, SD = 4.9mV; p<0.01), that were consistent in all 
individual cases. Other vomeropherins depolarized the VNO- 
receptors to a much lesser extent, but with consistent mean 
response amplitudes from individual to individual. 

20 Vomeropherins active in male subjects produced larger 

responses than the diluent (p<0.001) . B, F and similar 
-concentrations of olfactants induced significantly reduced 
responses in the male VNO (FIG. 184A and FIG. 185) . 

A similar experimental protocol was followed with 

25 the 30 female subjects (ages 20 - 45) . Among the 

vomeropherins, F (100 fmoles) produced the most significant 
differences within the group (FIG. 184B) . Here, A induced a 
small effect that was significantly different from F 
(p<0.01) . In both populations of subjects, active 

3 0 vomeropherins induced receptor responses having large 
standard deviations (FIG. 184) . When the frequency 
distribution of the effects of A and F was studied in males 
and females respectively, we found a bimodal distribution. 
The significance of this observation is being studied at 5 

35 this point . 
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E, a stereoisomer of F, does not stimulate the VNO 
in female subjects while F does (Fig. 184B) . This is a 
demonstration of the specificity of VNO recognition of 
vomeropherins . In this regard it is interesting to note 
5 that while F is a superior vomeropherin, E generates a 
stronger olfactory effect than does F (FIG. 184B and FIG. 
185) . 

Results. on the EVG amplitude tested in the VNO of 
men (FIG. 208) and women (FIG. 209) are shown for steroids 
10 E2/NC2, E1/NC2, E2/NC3, E1/NC3, methylated E2/NC2, 
methylated E2/NC3, and E8/NC3 on Chart VI.- 

Effects of Vomeropherins on the EOG : The summated receptor 
potential from the olfactory epithelium (OE) was recorded in 
20 subjects: 10 males and 10 females. In contrast to the 

15 sensitivity of the VNO to vomeropherins, the OE is less 

sensitive to these substances. This is true for both males 
and females (FIG. 185A) . The mean receptor potential 
amplitude ranged from 2.3 mv to 0.78 mV. In this study, B 
was the only vomeropherin having significant effect in the 

20 OE (p<0.02). Of the subjects questioned about odorant 

sensations following each stimulus presentation, 16 reported 
no olfactory sensation, while three males and one female 
described B as an unpleasant odor. This finding reveals 
that at the concentrations used in our study, most 

25 vomeropherins are not effective stimulants of the olfactory 
receptors, but do have a clear effect on vomeronasal 
receptors . 

Effects of Olfa ctants on the EVG and EOG : In contract to 
vomeropherins, the olfactants 1-carvone and cineole produce 
30 only a minor local response in the VNO (FIG. 185B) . This 
was true for both men and women. As expected, these 
olfactants produced a strong response in both men and women 
(p<0.01) when locally applied to the OE (FIG. 185A) . The 
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diluent depolarized olfactory receptors to a lesser extent 
than cineole or 1-carvone (p<0.01) , and it did not produce 
an olfactory sensation. 

Reflex Effects of Vomeropherins : Studies were s conducted 
5 to determine the central nervous system (CNS) reflex 
responses to vomeropherin stimulation of the VNO. The 
sexually dimorphic local responses induced by vomeropherins 
(FIG. 184A and FIG. 184B) were mirrored in the autonomic 
response of male & female subjects. In male subjects (FIG. 

10 184C) , A and C decreased skin resistance (-elect rodermal 

activity = EDA) (p<0.01, n = 30). In female subjects. (FIG. 
184B) , F and B produced greater decrease in EDA than A or C 
{p<O.Ol, n = 30) . 

Vomeropherins A and C induced a significant increase 

15 in skin temperature (ST) (FIG. 184G) in 30 male subjects 

(p<0.01) ; however D induced significant temperature decrease 
(p<0.01) . In 30 female subjects (FIG. 184H) B and F evoked 
a significant increase in skin temperature (ST) (p<0.01) 
compared to A and C. In female subjects vomeropherins 

20 produced changes in EDA and ST with a greater standard 
deviation than in males. 

Cortical activity was recorded from Cz and Tz in 
male and female subjects during application to the VNO of 
air pulses (300 ms to 1 sec) containing 200 fmoles of 

25 vomeropherin (FIG. 184G and 184H) . In males (FIG. 184E) A, 
C and D significantly increased alpha cortical activity with 
a latency of 270-380 ms. D and A evoked the strongest effect 
(p<0.01). Synchronization of the EEG was sustained for 1.5 
to 2 . 7 minutes after application of a single pulse of active 

30 substance. In females (FIG. 184F) , a single pulse (200 
fmoles) of B or F applied to the VNO increased alpha 
cortical independent of the response of olfactory receptors. 
We found characteristic specificities in the response of the 
human VNO and the olfactory epithelium which suggests that 
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they are independent functional systems with separate 
connections to the CNS (Brookover, C. (1914) . The nervus 
terminalis in adult man. J. Comp. Neurol. 24:131-135.) 
There is also preliminary evidence that the EVG is not 
5 associated with trigeminal nociceptor endings since 

application of a local anesthetic (2% lidocaine) to the 
respiratory epithelium of the nasal septum neither blocks 
nor diminishes the EVG (Mont i-Bloch, L. and Grosser, B.l. 
(1991) "Effect of putative pheromones on the electrical 

10 activity of the human vomeronasal organ and olfactory 

epithelium," J. Steroid Biochem. Molec. Biol. 39:573-582.), 
also, subjects failed to report sensations of pain as a 
consequence of any of the stimulation procedures. 
Additional tests we conducted using 

15 androsta-5, 16 -diene-3/J, 19-diol and four other androstanes, 

identified by their positions on the chart. The results are 
shown in FIGS. 193 through 200. The EEG, RF and EKG 
response for androsta-5 , 16-diene-3/?, 19-diol is stronger in 
females compared to males, while the ST, GSR and EVG 

20 response is stronger in males. Some females to whom were 
administered the compound reported feelings of happiness, 
which is unusual in that such reports are normally 
accompanied by much higher RF and GSR data than shown in 
FIGS. 194B and 194C. 

25 VNO receptors are clearly more sensitive to 

vomeropherins than to any of the olfactants tested; the 
opposite is true for olfactory receptors. While the OE may 
have receptor sites for some vomeropherins, the response 
specificity of the VNO is clearly different. 

30 Sexual differences were noted in the specificities 

and effects of two groups of vomeropherins, A, C and D; and 
B and F. This suggests a possible receptor- related sexual 
dimorphism. The findings suggest the activation of 
components of the autonomic nervous system in the adult 

3 5 human by vomeropherin stimulation of the VNO. 
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Furthermore, the results suggest that stimulation of 
the VNO with vomeropherins produces synchronization of the 
EEG (FIG. 184G and 184H) . Thus, the evidence herein 
indicates that the vomeronasal system responds to a variety 
5 of chemosensory stimuli, and that some are able to induce 
reflex autonomic activity. 

Example 142 - Electrophysiological Studies 

The electrophysiological studies were performed as 
described in Example 141 in clinically normal human 
10 volunteers of both sexes whose ages ranged- from 20 to 45 
years. No anesthetics were used, and female subjects were 
excluded if pregnant. 

Electro-vomeronasoaram (EVG) : The integrated EVG is 
shown in FIGS. 1 and 2 for compounds Al-Pl, A2-P1, A4-P1, 

15 A3-P1, A1-P4, A2-P4 (referring to Chart I). Artifacts 

produced by respiratory movements are deleted by training 
the subjects to practice mouth breathing with velopharyngeal 
closure. Samples of vomeropherins in concentration of 25- 
800 fmoles are delivered in the continuous air stream for 

20 durations from 300 milliseconds to 1 second. 

Example 143 - Electrophysiological studies were 
performed on the compounds of Examples 133, 134 and 134A in 
clinically normal adult females. The following chart 
summarizes the results. The data for the EVG and a-CA are 
25 shown in FIGS. 219 and 220, respectively. 
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Summary of effects of estrene vomeropherins on the human 
female VNO, autonomic activity, electromyogram, and alpha 
brain waves . 





EVG 


RP 


CP 


EDA 


BT 


EMG 


a-CA 


Example 
133 


+ + + 


0 


0 


0 


0 


0 


++ + 


Example 
134 


•f + + 


0 


0 


0 


0 


0 


+ 


Example 
134A 


+ +++ 


0 


0 


0 


0 


0 


0 



10 Example 133: 16cif , 17a-Epoxyestra- 1 , 3 , 5 (10)- trien-3 -ol 
Example 134: Estra-4 , 16-dien-lO0-ol-3-one 
Example 134A: IGot, 17a-Epoxyestr-4-en-10/?-ol-3-one 

EVG = Elect ro vome r ona sogr am 
RF = Respiratory Frequency 
15 CF = Cardiac Frequency 

EDA » Electrodermal Activity 
BT » Body Temperature 
EMG = Electromyogram 
a-CA = Alpha Brain Waves 

20 0 Compound showed an effect not significantly different from control 

Arbitrary scale of effects 
better than the control, correlated 
to the significance of differences between 
♦♦«■♦ the data (p-valuel 
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SCHEME 17. Synthesis of steroidal D-ring oxides 
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Example 144 - 17a, 20a-Epoxy-l9-norpregna-l , 3 , 5 (10) -trien-3- 
ol, 1: To a solution of 19-norpregna 1, 3, 5 (10) , 17Z- tetraen- 
3-ol (282.4 mg, 0.9999 mmol) in 6 mL of 1 , 2 -dimethoxyethane 
(DME) was added 3-chloroperoxybenzoic acid (92.2%, 207.1 mg, 
5 1.200 mmol) in 6 mL of DME and the reaction was stirred 5 h. 
The mixture was poured into 50 g of 5% (w/w) sodium 
thiosulfate pentahydrate and extracted into three 20 mL 
portions of ethyl acetate. The combined organic extracts 
were washed with 2 0 mL of saturated sodium bicarbonate +2 0 

10 mL of brine, dried over magnesium sulfate, and filtered 
through Celite 503. The residue was washed with 5 mL of 
ethyl acetate and the combined filtrates were concentrated 
under reduced pressure. Two-fold crystallization of the 
resulting white solid, first from methyl t-butyl ether 

15 (MTBE) /hexanes and then from aqueous ethanol, gave fine, 

lustrous, off-white platelets (160.0 ma, 0.5362 mmol, 54%), 
m.p. 154-159°C, homogeneous to TLC (25% ethyl 
acetate/hexanes on silica gel, product R f 0.42, starting 
material R f 0.57, 0.42 (trace)). 

20 Example 14 5 - 3 -Methoxyspiro [estra- 1 , 3 , 5 ( 10 ) - 17 , 2 ' -oxetane] , 
2 : To 3-methoxy-19-norpregna' 1,3,5 (10) -trien-17/3-ol-21- 
tosylate (168.1 ma, 0.34 6 9 mmol) and potassium t-butoxide 
(168.1 ma, 1.4 98 mmol) under argon was added 8 mL of 
anhydrous dimethylsulf oxide (DMSO) and the reaction was 

25 stirred in a heated (77-99°C) oil bath for 3 1/2 h. MTBE 
(2 0 mL) was added to the upon cooling and the mixture was 
washed with three 5 mL portions of water +5 mL of brine, 
dried over magnesium sulfate, and filtered through Celite 
503. The residue was washed with 5 mL of MTBE and the 

3 0 combined filtrates were concentrated under reduced pressure. 
Preparative TLC (10% ethyl acetate/hexanes on silica gel GF. 
1000 jx) produced off-white crystals (72.2 mg, 0.231 mmol, 
67%). TLC (10% ethyl acetate/hexanes on silica gel; estra- 
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1, 3, 5 (10) , 16-tetraen-3-yl methyl ether R f 0,70) showed 
product (R ; 0.33) with a trace contaminant (R f 0.42). 

Example 146 - 16a , 17a-Epoxypregn-4 -en-3 -one, 3: To a 
solution of pregna-4 . 16 -dien-3 -one (31.0 ma, 0.104 mmol) in 
5 0.6 mL of DME was added 3 -chloroperoxybenzoic acid (92%, 
21.5 ma, 0.125 mmol) in 0.6 mL of DME and the reaction was 
stirred 5 h. The mixture was subjected directly to 
preparative TLC (30% ethyl acetate/hexanes on silica gel GF, 
1000 jx) to give a white crystalline solid (13.1 mg,41.7 
10 /imol, 40%) . TLC (30% ethyl acetate/hexanes on silica gel; 
starting material R f 0.53, 0.00 (trace)) showed product (R f 
0.33) with a trace contaminant (R f 0.38). 

Example 147 - 13, 17-Epoxy-10, 17-dimethylgona-4-en-3 -one , 4: 
To a solution of 10, 17-dimethylgona-4 , 13 (17) -dien-3 -one 

15 (342.1 ma, 1.265 mmol) in 7.6 mL of DME was added 3 - 

chloroperoxybenzoic acid (92%, 262.0 ma, 1.518 mmol) in 7.6 
mL of DME. After stirring 5 h # the reaction mixture was 
poured into 60 g of 5% (w/w) sodium thiosulfate pentahydrate 
and then extracted three times with 3 0 mL portions of ethyl 

20 acetate. The combined organic extracts were washed with 30 
mL of saturated sodium bicarbonate +30 mL of brine, dried 
over magnesium sulfate, and filtered through Celite 503. 
The residue was washed with 10 mL of ethyl acetate and 
combined filtrates were concentrated under reduced pressure. 

25 Flash chromatography (30% ethyl acetate/hexanes on silica 
gel) of the resulting yellow resin, followed by preparative 
TLC (30% ethyl acetate/hexanes on silica gel GF,1000 /z) gave 
a light yellow solid (87.2 ma, 0.304 mmol, 24%) showing 3 
spots (R f 0.23, 0.29, and 0.32) on TLC (30% ethyl 

30 acetate/hexanes on silica gel; pregna-4 , 16-dien-3 -one R f 
0.54) . 
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Example 14 8 - 19, 21-Bisnorchola-l, 3 , 5 (10) , 16 - tetraen-3 -yl 
methyl ether, 5: To 17-iodoestra 1, 3, 5 (10) , 16 -tetraen-3 -yl 
methyl ether (788.6 ma, 2.000 mmol), 15% (w/w) NaOH (2.0 
mL) , and [1, 1' -bis (diphenylphosphino) ferrocene] palladium (II) 
5 chloride methylene chloride complex (1: 1) (40.8 ma, 50.0 
Camel) under argon were added anh. THF (8.0 mL) and 
tributylborane (1.0 M in THF, 2.2 mL, 2.2 mmol) . After 
refluxing 24, benzene (20 mL) was added to the cooled 
reaction. The mixture was washed with 10 mL of brine, dried 

10 over magnesium sulfate, and filtered through Celite 503. 

The residue was washed with 5 mL of benzene and the combined 
filtrates were concentrated under reduced pressure. Flash 
chromatography (1% ethyl acetate/hexanes on silica gel) of 
the residual dark syrup, followed by crystallization from 

15 95% ethanol with intermediate charcoal treatment gave white 
platelets (425.4 ma, 1.311 mmol, 66%), m.p. 50-52°C, 
homogeneous to TLC (5% ethyl acetate/hexanes on silica gel; 
R f 0.48? estra-1, 3 , 5 (10) , 16 -tetraen-3 -yl methyl ether R f 
0.45) . 

20 Example 14 9 - 19 , 21-Bisnorchola-5 ( 10 ) , 16 -dien-3 -one , 6: 
Approximately 30 mL of anh. NH 3 was distilled through KOH 
into a flame-dried 3 -neck flask fitted with an inlet 
adapter, magnetic stirring bar, dry ice/acetone condenser, 
and glass stopper. 19, 21-Bisnorchola-l, 3, 5 (10) , 16-tetraen- 

25 3-yl methyl ether (5., 300.0 ma, 0.9245 mmol) in 8 mL of anh. 
THF and 3.09 g (41.7 mmol) of t-butyl alcohol was added, 
after which lithium wire (high sodium, 0.13 g,19 mg-atom) 
cut in small pieces was added. The reaction mixture was 
stirred 6 h and then quenched with 1.0 mL of methanol. 

30 After allowing NH3 to boil off overnight, water (25 mL) was 
added and the reaction mixture was extracted 3 times with 25 
mL aliquots of MTBE. The combined organic extracts were 
washed 3 times with 25 mL portions of brine, dried over 
magnesium sulfate, and filtered through Celite 503. The 
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residue was washed with 10 mL of MTBE and the combined 
filtrates were concentrated under reduced pressure. The 
resulting syrup was taken up in 25 mL of acetone, oxalic 
acid dihydrate (0.37 g) in 5 mL of water was added, and the 
5 suspension was stirred 4 h. The hydrolysis mixture was 
poured into 10 mL of saturated sodium bicarbonate and 
extracted three times with 10 mL aliquots of MTBE. The 
combined organic extracts were washed 3 times with 10 mL 
portions of brine, dried over magnesium sulfate, and 

10 filtered through Celite 503. The residue was washed with 5 
mL of MTBE and the combined filtrates were concentrated 
under reduced pressure . The residual syrup was taken up in 
5 mL of hexanes, dried over magnesium sulfate, and filtered 
through Celite 503 . The residue was washed with 2 mL of 

15 hexanes and the combined filtrates were boiled down to about 
2 mL. The resulting solution was applied to a preparative 
TLC plate (silica gel GF, 1000 p) and developed with 10% 
ethyl acetate/hexanes . Extraction and concentration of the 
appropriate band gave a colorless syrup (226.4 ma, 0.7245 

20 mmol, 78%) . TLC (10% ethyl acetate/hexanes on silica gel) 
showed product (R f 0.34) with a trace contaminant (R f 0.14). 

Example 150 - 16a , 17af-Epoxy-19 , 21-bisnorchol-4 -en-lO0-ol-3 - 
one, 7: To a cooled (dry ice/acetone) solution of 19,21- 
bisnorchola-5 (10) , 16-dien-3-one (6, 270.2 ma, 0.8647 mmol) 

25 in 1.6 mL methylene chloride was added 3 -chloroperoxybenzoic 
acid (97. 4%, 328. 3 mg, 1.902 mmol) in 6 . 3 mL of methylene 
chloride over 3 min. Remaining peracid was rinsed into the 
vessel with 1.8 mL of methylene chloride and the reaction 
was stirred 5 h. The cooling bath was removed and the 

3 0 reaction was stirred a further 1 h. The reaction was then 
filtered through Celite 503 and the residue was washed with 
1 mL of methylene chloride. The combined filtrates were 
washed with 5 g of 5% (w/w) sodium thiosulfate pentahydrate 
+5 mL of saturated sodium bicarbonate +5 mL of brine, dried 
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over magnesium sulfate, and filtered through Celite 503. 
The residue was washed with 1 mL of methylene chloride and 
the combined filtrates were concentrated under reduced 
pressure. The resulting light yellow solid was taken up in 
5 22 mL of methanol with warming, 3.6 mL of triethylamine were 
added, and the reaction was stirred 2 h. The mixture was 
then concentrated under reduced pressure to give an amber 
syrup. This was purified by preparative TLC (50% ethyl 
acetate/hexanes on silica gel GF, 1000 fi) to produce a white 
10 crystalline solid (133.0 ma, 0.3861 mmol, 45%). TLC (50% 
ethyl acetate/hexanes on silica gel; 16a , 17a-epoxyestr-en- 
10/J-ol-3-one R f 0.26) showed product (R £ 0.38) with a trace 
contaminant (R £ 0.30). 

Example 151 - Estra-5 (10) , 16-dien-3-one, 8: Approximately 

15 2.4 L of anhydrous ammonia were distilled through KOH into a 
flame-dried 4 -neck round bottom flask fitted with two 
acetone /dry ice condensers, a mechanical stirrer, and a 
glass stopper. Estra-1, 3, 5 (10) , 16-tetraen-3-yl methyl ether 
(27.45 g, 0.1023 mol) in 260 mL of anh. THF +133.24 g (1.798 

20 mol) of t-butyl alcohol was added, followed by four 3.12 g 
(12.49 g total, 1.79 g g-atom) portions of lithium wire cut 
in small pieces, one portion every 1/2 h. At times 
mechanical stirring was interrupted to prevent boiling over. 
After stirring an additional 3 h, methanol (100 mL) was 

25 added and the reaction was stirred overnight while allowing 
ammonia to boil off. Water (600 mL) was added and the 
mixture was three times with 300 mL portions of MTBE. The 
combined organic extracts were washed with 3 00 mL of brine, 
dried over magnesium sulfate, and filtered through Celite 

30 503. The residue was washed with 50 mL of MTBE and the 
combined organic extracts were concentrated under reduced 
pressure. The resulting light yellow oil was taken up in 
500 mL of acetone and oxalic acid dihydrate (7.19 g) in 95 
mL of water was added. After stirring 8 h, the hydrolysis 
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mixture was poured into 250 mL of saturated sodium 
bicarbonate and extracted three times with 250 mL portions 
of MTBE . The combined organic extracts were washed three 
times with 250 portions of brine, dried over magnesium 
5 sulfate, and filtered through Celite 503. The residue was 
washed with 50 mL of MTBE and the combined filtrates were 
concentrated under reduced pressure. Two fold 
recrystallization from hexanes (intermediate drying over 
magnesium sulfate necessary to remove residual water) gave 
10 two crops of white crystals. The total yield was 12.18 g 
(47.51 mmol, 46%). First crop m.p. 117 . 5-119 . 5°C, second 
crop m.p. 115-119°C. 

Example 152 - 50,10/?, 16a, 17a-Bisepoxyestran- 3 -one , 9: To 
a solution of estra-5 (10) , 16-dien-3-one (8., 12.02 g, 46.88 

15 mmol) in 70 mL of methylene chloride cooled to 0°C was added 
3-chloroperoxybenzoic acid (97.4%, 17.80 g, 0.1031 mol) 
suspended in 340 mL of methylene chloride over 58 min., so 
that the reaction temperature was maintained within 2 
degrees of 0°C. Further methylene chloride (100 mL) was 

20 added to rinse adhering peracid into the reaction vessel and 
the mixture was stirred 5 h. The resulting suspension was 
filtered through Celite 503 and the residue was washed with 
50 mL of methylene chloride. The combined filtrates were 
washed with 250 g of 5% (w/w) sodium thiosulfate 

25 pentahydrate +250 mL of saturated sodium bicarbonate +250 mL 
of brine, dried over magnesium sulfate, and filtered through 
Celite 503. The residue was washed with 50 mL of methylene 
chloride and the combined filtrates were concentrated under 
reduced pressure. Recrystallization of the resulting light 

30 yellow solid from 95% ethanol with intermediate treatment 
with charcoal gave shiny, white platelets (11.38 g, 39.46 
mmol, 84%), m.p. 168-173°C. 
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Example 15 3 - 16a, 17a-Epoxyestr-4-en-10/?-ol-3-one, 10: 
50, 10/?, 16a, 17a-Bisepoxyestran-3-one (9, 11.30 g, 39.18 mmol) 
was dissolved in 1 L of methanol with warming and 
triethylamine (166 mL, 1.19 mmol) was added. After stirring 
5 6 h, the solution was concentrated under reduced pressure 

and the resulting yellow- tinged solid was taken up in 250 mL 
of hot 95% ethanol. Charcoal (Darco G-60, 0.58 g) was added 
and the mixture was heated to boiling. The hot suspension 
was filtered through Celite 503 and the residue was washed 

10 with 50 mL of hot ethanol. The combined filtrates were 

boiled down to approx. 150 mL and then cooled in tap water 
with swirling. The solution was seeded with crystals of 
"byproduct" and was then refrigerated overnight following 
onset of crystallization. The "byproduct" was filtered off 

15 and washed with 10 mL of cold ethanol (after drying the 
residue weighed 3.2762 g and had m.p. 262-269°C) . The 
combined filtrates were boiled down to approx. 50 mL and 
then cooled in tap water with swirling. The solution was 
seeded with authentic product and then refrigerated 

20 overnight following onset of crystallization. The 

suspension was filtered and the residue dried over P205 in 
vacuo to give flat, white crystals (4.6827 g, 16.283 mmol, 
41%), m.p. 193-195°C, homogeneous to TLC (50% ethyl 
acetate/hexanes on silica gel; product R f 0.47; authentic 

25 sample R f 0 47) 

Example 154 - 16a, 17a-Epoxyestra-l , 3 , 5 ( 10) - trien-3 -ol , 11: 
To a solution of 1, 3, 5 (10) , 16-estratetraen-3-ol (CAS No. 
11150-90-91, 636.0 ma, 2.500 mmol) in 15 mL of DME was added 
mchloroperbenzoic acid (862.9 ma, 5.000 mmol) in 25 mL of 
30 DME over 3 min., and the reaction was stirred for 6 h. The 
mixture was poured into 140 g of 5% (w/w) sodium thiosulfate 
pentahydrate and extracted three times with 100 mL portions 
of ethyl acetate. The combined organic extracts were washed 
with 100 mL of saturated sodium bicarbonate + three 100 mL 
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aliquots of saturated sodium chloride, dried over magnesium 
sulfate, and filtered through Celite 503. The residue was 
washed with 50 mL of ethyl acetate and the combined 
filtrates were concentrated under reduced pressure. Flash 
5 chromatography (20% ethyl acetate/hexanes on silica gel) of 
the resulting residue, followed by recrystallization from 
ethyl acetate gave lustrous white platelets (349.9 ma, 1.294 
mmol, 52%), m.p. 217-219°C (lit. [Prelog, V., Ruzicka, L . , 
and Wieland, P. (1945): Steroide und Sexualhormone . (ill. 
10 Mitteilung) . Ober ein neues Stereoisomeres des Oestriols. 
Helv. Chim. Acta 28, 250-256.1 m.p. 215°C) , homogeneous to 
TLC (20% ethyl acetate/hexanes on silica gel; R f 0.32; 
starting material R c 0.50). 

Example 155 - Electrophysical studies were performed on the 
15 compounds of Examples 144, 146, 147, 150, 153 and 154, as 

well as two other gint-D epoxy steroids in clinically normal 

adult men and women. The results are summarized in FIGS. 

221A and 221B. 

The preparation of 1 7 , 2 0 - E POX YPREGN - 4 - EN - 3 - ONE is 
20 described by J. Hader and E. Blanke in British Patent 

1,049, 988 (1966) . 

The preparation of 16B, 20B-EPOXYPREGN-4 -EN-3B-0L is 

described by M. Matsui and D. Fukushima, J\ Org. Che/n. 

35(3) , 561 (1970) . 
25 The preparation of 1 8 , 2 0 - E POXYPREGN - 4 - EN - 3 - ONE is 

described by G. Cainelli, B. Kamber, J. Keller, M.Lj. 

Michailovic, D. Arigoni and 0. Jeger, Helv. Chim. Acta, 62 , 

518 (1961) . 

16a,17a-E POXYANDROST - 4 - EN - 3 - ONE ( ANDROSTE I NOX I DE ) 
3 0 was prepared according to the literature procedure: F. 
Sondheimer, O. Mancera, M. Urquiza and G. Rosenkranz, J. 
Che/n. Soc. 77, 4145 (1955) . 
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17B, 21-EPOXY-3-METHOXY-19-NOR-17a-PREGNA-l, 3, 5, (10) 
TRIENE was prepared according to the literature procedure: 
B. Singh and R.G . Christiansen, J. Pharm. Sci . 6J), 491 
(1971) . 
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SCHEME 19. Synthesis of 17-Iodoestra-l , 3 , 5 (10) , 16-tetraen- 
3-yl methyl ether 




Estrone methyl ether 1 



- 274 - 



WO 98/03207 



SCHEME 20 



PCT/US97/13035 • 

Synthesis of additional steroidal D-ring oxides 




- 275 - 



WO 98/03207 



PCT/US97/13035 . 



Exampel 156 - Estrone hydrazone, 1: A suspension of estrone 
(20.00 g, 73.97 mmol) in 150 mL of abs . EtOH, 34 mL (0.24 
mol) of triethylamine, and 64 mL (2.0 mol) of hydrazine was 
refluxed 1 1/2 h with exclusion of moisture. The reaction 
5 mixture was added to 58 0 mL of water with stirring and 
agitation, and then refrigerated overnight. The crude 
hydrazone was filtered, washed with 100 mL of water, and 
dried over P 2 0 s in vacuo to give an off-white solid (22.57 
g, >100%) . 

10 Example 157 - 17- Iodoestra-1 , 3 , 5 (10) , 16- tetraen-3-ol , 2: To 
a cooled (ice water bath) mixture of crude estrone hydrazone 
(1, 22.45 g) with 200 mL of anh. tetrahydrof uran (THF) and 
50 mL (0.36 mol) of triethylamine under argon was added 
iodine (44.31 g, 0.1746 mol) in 150 mL of anh. THF over 33 

15 min. until gas evolution ceased (remaining solution: 8 mL) . 
After stirring a further 20 min., the reaction mixture was 
poured into 300 mL of IN HCI and extracted three times into 
100 mL aliquots of ether. The combined organic extracts 
were washed with three 100 g portions of 5% (w/w) sodium 

20 thiosulfate pentahydrate +100 mL of saturated sodium 

bicarbonate +100 mL of brine, dried over sodium sulfate, and 
filtered through a coarse glass frit. The residue was 
washed twice with 50 mL portions of ether and the combined 
filtrates were concentrated under reduced pressure. The 

25 resulting red foam was crystallized twice from aqueous 
methanol with intermediate treatment with charcoal both 
times to give fine, off-white platelets (18.70 g, 49.18 
mmol, 66% overall from estrone) , m.p. 134135°C. 

Example 158 - 17-Iodoestra-l, 3 , 5 (10) , 16- tetraen- 3-yl methyl 
30 ether, 3, from 17-Iodoestra-l, 3, 5 (10) , 16-tetraen-3-ol : A 
suspension of 17-Iodoestra-l, 3, 5 (10) , 16-tetraen-3-ol (2, 
17,11 g, 44.99 mmol) and potassium carbonate (9.33 g, 67.5 
mmol) in 600 mL of acetone was heated to reflux with 



- 276 - 



WO 98/03207 



PCT/US97/13035 



exclusion of moisture, and dimethyl sulfate (11 mL, 0.12 
mol) was added. After 24 h stirring, the cooled reaction 
mixture was poured into 500 g of 5% (w/w) sodium hydroxide 
and extracted three times into 250 my aliquots of methyl 
5 t-butyl ether (MTBE) . The combined organic extracts were 
washed with 25.0 mL of brine, dried over sodium sulfate, and 
filtered through Celite 503. The residue was washed with 50 
mL of MTBE and the combined filtrates were concentrated 
tinder reduced pressure. Crystallization of the resulting 
10 tan solid gave pink to purple needles (14.85 g, 37.66 mmol, 
84%) , m.p. 14-147°C. 

Example 159 - Estra-1, 3 , 5 (10) -triene-17-hydrazone-3 -yl 
methyl ether, 4: A suspension of estrone 3 -methyl ether 
(1.0000 g, 3.5162 mmol) in 7 mL abs. EtOH, triethylamine 

15 (1.6 mL, 11 mmol), and hydrazine (3.1 mL, 99 mmol) was 
refluxed with exclusion of moisture for 90 min., during 
which time the reaction became homogeneous. Water (28 mL) 
was added with swirling, and the mixture was refrigerated 
overnight. Filtration and drying of the residue over P 2 0 5 

20 in vacua gave fine, shiny white platelets (1.0437 g, 3.4973 
mmol, 99%), m.p. 166 169°C. 

Example 160 - 17- Iodoestra- 1 , 3 , 5 ( 10 ) , 16 - tetraen- 3 -yl methyl 
ether, 3, from estra-1, 3 .5 (10) -triene-17-hydrazone-3~yl 
methyl ether: To a mixture of estra-1 , 3 , 5 (10) -triene-17- - 

25 hydrazone-3-yl methyl ether (4, 1.0000 g, 3.3509 mmol) in 18 
mL of anh. THF and under argon was added iodine (2.01 g, 
7.92 mmol) in 10 mL of anh. THF over 30 min. until the 
yellow color persisted (solution remaining: 3- mL) . After 
stirring a further 15 min., the reaction mixture was poured 

30 into 35 mL of 1 N HCI and extracted three times into 15 mL 
aliquots of ether. The combined organic extracts were 
washed with 15 g of 5% (w/w) sodium thiosulfate pentahydrate 
+15 mL of saturated sodium bicarbonate, dried over sodium 
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sulfate, and filtered through a coarse glass frit. The 
residue was washed with 10 mL of ether and the combined 
filtrates were concentrated under reduced pressure. The 
resulting yellow-orange solid was crystallized from abs. 
5 EtOH with intermediate treatment with charcoal to give a 
light yellow crystalline solid (764.5 ma, 1.939 mmol, 58%), 
m.p. 145- 146°C. 

Example 161 - Estra-5 (10) , 16-dien-3 -one , 5, from 

estra-1, 3 , 5 (10) , 16-tetraen-3-yl methyl ether: Approximately 

10 2.4 L of anhydrous ammonia were distilled through KOH into a 
flame-dried 4-neck round bottom- flask fitted with two 
acetone/dry ice condensers, a mechanical stirrer, and a 
glass stopper. Estra-1 , 3 , 5 (10) , 16 - tetraen-3 -yl methyl ether 
(27.45 g, 0.1023 mol) in 260 mL of anh. THF + 133.24 g 

15 (1.798 mol) of t-butyl alcohol was added, followed by four 
3.12 g (12.49 g total, 1.799 g-atom) portions of lithium 
wire cut in small pieces, one portion every 1/2 h. At 
times, mechanical stirring was interrupted to prevent 
foaming over. After stirring an additional 3 h, methanol 

20 (100 mL) was added and the reaction was stirred overnight 
while allowing ammonia to boil off. Water (600 mL) was 
added and the mixture was extracted three times with 300 mL 
portions of MTBE. The combined organic extracts were washed 
with 300 mL of brine, dried over magnesium sulfate, and 

25 filtered through Celite 503. The residue was washed with 50 
mL of MTBE' and the combined organic extracts were 
concentrated under reduced pressure. The resulting light 
yellow oil was taken up in 500 mL of acetone, and oxalic 
acid dihydrate (7.19 g) in 95 mL of water was added. After 

30 stirring 8 h, the hydrolysis mixture was poured into 250 mL 
of saturated sodium bicarbonate and extracted three times 
with 250 mL portions of MTBE. The combined organic extracts 
were washed three times with 250 portions of brine, dried 
over magnesium sulfate, and filtered through Celite 503. 
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The residue was washed with 50 mL of MTBE and the combined 
filtrates were concentrated under reduced pressure. 
Two-fold recrystallization from hexanes (intermediate drying 
over magnesium sulfate necessary to remove residual water) 
5 gave two crops of white crystals. The total yield was 12.18 
g (47,51 mmol, 46%). First crop m.p. 117.5- 119. 5°C, second 
crop m.p. 115- 119°C. 

Example 162 - Estra-5 (10) , 16 -dien-3 -one , 5, from 
17-iodoestra- 1, 3 , 5 (10) , 16-tetraen-3 -yl methyl ether: 

10 Approx. 1.2 L of anh. NH3 was distilled through KOH into a 3 
L 3 -neck round bottom flask fitted with two acetone/dry ice 
condensers and a mechanical stirrer, and containing 
17-iodoestra -1,3, 5 (10) , 16-tetraen-3-yl methyl ether (14.71 
g, 37.31 mmol) in 200 mL of anh. THF. Lithium wire (high 

15 sodium, 5.18 g, 0.7469 g-atom) cut in small pieces was added 
portionwise to control foaming, and the reaction was stirred 
1 h. Methanol (40 mL) was added over 3 h, during which the 
reaction decolorized, and the mixture was stirred overnight 
while NH 3 was allowed to boil off. Water (400 mL) was added 

20 and the mixture was extracted three times with 200 mL 

aliquots of MTBE. The combined organic extracts were washed 
with 200 mL of brine, dried over magnesium sulfate, and 
filtered through Celite 503. The residue was washed with 
5 0 mL of MTBE and the combined filtrates were concentrated 

25 under reduced pressure. The resulting pale yellow syrup was 
taken up in 175 mL of acetone, oxalic acid dihydrate (2.51 
g) in 33 mL of water was added, and the hydrolysis mixture 
was stirred 6 h. The mixture was poured into 65 mL of 
saturated sodium bicarbonate and extracted three times with 

30 65 mL aliquots of MTBE. The combined organic extracts were 
washed three times with 65 mL portions of brine, dried over 
magnesium sulfate, and filtered through Celite 503. The 
residue was washed with 25 mL of MTBE and the combined 
filtrates were concentrated under reduced pressure. Two- to 
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three -fold recrystallization from hexanes (intermediate 
drying over magnesium sulfate necessary to remove residual 
water) gave two crops of light yellow to yellow crystals. 
The total yield was 4.7217 g (18.416 mmol, Limo) . First crop 
5 m.p. 116-118°C. second crop m.p. 117-ll8°C. 

Example 163 - Purification and titration of 
3 -chloroperoxybenzeic acid: Commercially available 3- 
chloroperoxybenzoic acid (MCPBA, 57-86%, 50.00 g) was added 
to 1 L of aqueous sodium phosphate buffer (0.5 M monobasic, 

10 0.5 M dibasic) and the suspension was stirred mechanically 
for 5 min. The mixture was filtered through a coarse glass 
frit and the residue was washed with 200 mL of water. The 
residue was dried in vacua over P 2 0 5 to give a white solid 
(33.50 g, 67% recovery of mass). Approx. 0.25 g samples of 

15 purified peracid were titrated in triplicate as follows: 

Sodium iodide (1.50 g) was dissolved in water, acetic acid 
(5.0 mL) and chloroform (5.0 mL) were added, followed by 
sample peracid. The mixture was stirred rapidly while 
titrating against standard 0.1 N sodium thiosulfate 

20 (available from Aldrich) to a colorless endpoint . The 

following equations were used to calculate the percentages 
of MCPBA in the samples : 

Apparent molecular weight = 2 (mass of sample, g)/[(vol. 
thiosulfate, L) (cone, of standard thiosulfate) ] 

25 Percentage MCPBA « 172 . 57/Apparent molecular weight 

The triplicate readings were averaged to give a percentage 
of MCPBA of 92.2%. 

Example 164 - 50, 10/?, 16a, 17a-Bisepexyestran-3 -one, 6: To a 
solution of estra-5 (10) , 16-dien-3-one (5, 12.02 g, 46.88 
30 mmol) in 70 mL of methylene chloride cooled to 0°C was added 
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3-chloroperoxybenzoic acid (97.4%, 17.80 g, 0.1031 mol) 
suspended in 34 0 mL of methylene chloride over 58 min« , so 
that the reaction temperature was maintained within 2 
degrees of 0°C. Further methylene chloride (100 mL) was 
5 added to rinse adhering peracid into the reaction vessel, 
the cooling bath was removed, and the mixture was stirred 5 
h. The resulting suspension was filtered through Celite 503 
and the residue was washed with 50 mL of methylene chloride. 
The combined filtrates were washed with 250 g of 5% (w/w) 

10 sodium thiosulfate pentahydrate +250 mL of saturated sodium 
bicarbonate +250 mL of brine, dried over -magnesium sulfate, 
and filtered through Celite 503. The residue was washed 
with 50 mL of methylene chloride and the combined filtrates 
were concentrated under reduced pressure. Recrystallization 

15 of the resulting light yellow solid from 95% ethanol with 
intermediate treatment with charcoal gave shiny, white 
platelets (1 1.38 g, 39.46 mmol, 84%), m.p. 168- 173°C. 

Example 165 - 16a, l7a-Epoxyestr-4-3n-10/3-ol-3-one, 7, from 
estra-5 (10) , 16-dien-3-one : To a solution of 
estra-5 (10) , 16-dien-3-one (5, 331.8 ma, 1.294 mmol) in 6 mL 
of 1, 2-dimethdxyethane (DME) was added 3-chloroperoxybenzoic 
acid (95.6%, 491.3 ma, 2.847 mmol) in 16 mL of DME. After 
stirring 24 h, the reaction mixture was poured into 15 g of 
5% (w/w) sodium thiosulfate pentahydrate and extracted three 
times into 30 mL aliquots of ethyl acetate. The combined 
organic extracts were washed with 30 mL of saturated sodium 
bicarbonate + three 30 mL portions of brine, dried over 
magnesium sulfate, and filtered through Celite 503. The 
residue was washed with 15 mL of ethyl acetate and the 
combined filtrates were concentrated under reduced pressure. 
The resulting white solid was taken up in 20 mL of anh. THF 
under argon and cooled in an acetone/dry ice bath. Lithium 
diisopropylamide (LDA, 1.5 M in cyclohexane, 0.86 mL, 1.3 
mmol) was added over 2 rain, and the reaction mixture was 



25 
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stirred a further 25 min. Saturated ammonium chloride (0.5 
mL) and ether (30 mL) were added, and the mixture was washed 
three times with 10 mL portions of brine, dried over 
magnesium sulfate, and filtered through Celite 503. The 

5 residue was washed with 5 mL of ether and the combined 

filtrates were concentrated under reduced pressure. Flash 
chromatography (50% ethyl acetate/hexanes on silica gel 150) 
of the resulting moist yellow solid, followed by preparative 
TLC (50% ethyl acetate/ hexanes on silica gel OF, 1000 p) 

0 and recrystallization from methylene chloride/hexanes gave 
white crystals (47.0 ma, 0.163 mmol, 13%), m.p. 192-194°C, 
homogeneous to TLC (50% ethyl acetate/ hexanes on silica 
gel; product Rf 0.32; estrone R f 0.59). UV; Xmass 236 nm, e 
= 13,000. IR: 3508 cm' 1 (OH str.), 1661 cm" 1 (unsat'd. C=0 

5 str.), 1620 cm -1 (OC str.). 'H-NMR (in d 6 acetone) : 5. 6 .6 (1H, 
s, H-4), 4.1 5 (1H, s, 100-OH) , 3.1-3.3 (2H, AB q, 160-H Sc 
17,0-H), 0.82 6 (3H, s, 18-H) . Anal.: Calculated for C l8 H 24 03 : 
74.96%, H 8.33%. Found: C 74.94 ± 0.06%, H 8.33 + 0.07%. 
HR-EIMS : Calculated for C 18 H 24 0 3 : 288.172544. Found: 288.1726. 

0 180) . 

Example 166 - 16a, 17a-Epoxyestran-4-en-lO0-ol-3-one, 7: 
5(3, 10/3, 16a, 17a-Bisepoxyestr-3-one (6, 11.30 g, 39.18 mmol) 
was dissolved in 1 L of methanol with warming, and 
triethylamine (166 mL, 1.19 mmol) was added. After stirring 

5 6 h, the solution was concentrated under reduced pressure 

and the resulting yellow-tinged solid was taken up in 250 mL 
of hot 95% ethanol. Charcoal (Darco G-60, 0.58 g) was added 
and the mixture was heated to boiling. The hot suspension 
was filtered through Celite 503 and the residue was washed 

0 with 50 mL of hot ethanol. The combined filtrates were 

boiled down to approx. 150 mL and then cooled in tap water 
with swirling. The solution was seeded with crystals of 
byproduct and was then refrigerated overnight following 
onset of crystallization. The byproduct was filtered off 
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and washed with 10 mL of cold ethanol (after drying, the 
byproduct residue weighed 3.2762 g and had m.p. 262-269°C) . 
The combined filtrates were boiled down to approx. 50 mL and 
then cooled in tap water with swirling. The solution was 
5 seeded with authentic product and then refrigerated 
overnight following onset of crystallization. The 
suspension was filtered and the residue dried over P 2 0 5 in 
vacuo to give flat, white crystals (4.6827 g, 16.283 mmol, 
41%) , m.p. 193- 195°C, homogeneous to TLC (50% ethyl 
10 acetate/hexanes on silica gel; product R f 0.47; authentic 
sample R f 0.47) . 
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CLAIMS 

What is claimed: 

!. A method of treating premenstrual disphoric 
d ; seders in an individual, said method comprising: 

providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
said individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

administering said effective amount of said 
steroid within a nasal passage of said 
individual such that said steroid binds 
specifically to said receptors and results ir. 
alleviation of symptoms of said disorder ir. 
said individual. 

2. The method of Claim 1 wherein said 
neuroepithelial cell is located within a vomeronasal organ 
of said individual. 

3. The method of Claim 2 wherein said steroid 
comprises a pregnane of the formula: 

'it 

Pi 




0 wherein P.. is selected from the group consisting of oxo, 
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a- (0-) hydroxy, a- (/?-) acetoxy, a- (j3-) propionoxy, 
cr-{/3-) methoxy, a-(jS-) lower acyloxy, a-(0-) lower alkyloxy, 
and benzoyloxy; P 2 is selected from the group 

consisting of methyl, hydroxymethyl, acyloxymethyl , 
5 alkoxymethyl, lower alkyl, hydroxyalkyl , acyloxyalkyl , and 
alkoxylalkyl; P 3 is selected from the group consisting of 
hydrogen, oxo, halo, hydroxy, alkoxy, and acyloxy; P 4 
through P 12 may each be, independently, hydrogen, halo, 
methyl, or halo-, dihalo- or perhalomethyl ; P 13 is hydrogen, 

10 methyl, methylene, halo-substituted methyl or halo- 
substituted methylene, ethyl, ethylenyl, acetylenyl, methyl - 
methylenyl or methyl -methinyl ; and "a", "b", "c" , "d", "e" , 
"h", "i", "j" and "k" are alternative sites for optional, 
double bonds and ,f j" or "k" may also be triple bonds; and 

15 when P 2 is methyl and P 3 is ^-hydroxy, P 2 and P 3 may be 
joined to form a cyclic ether. 

4. A method according to Claim 3 wherein "b" is a 
double bond. 

5. A method according to Claim 4 wherein "e" or 
20 "d H is a double bond. 

6. A method according to Claims 3 wherein "a" and 
"c" are double bonds. 

7. A method according to Claim 3 wherein "h" is an 
optional double bond, and i and "j" are absent. 

25 8. A method according to Claim 3 wherein is a 

double "j" is a double bond. 
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9 . 

criole bond. 



A method according zo Claim 3 wherein " j " is a 



10. The method of Claim 2 wherein said steroid 
comprises a 19 -nor -pregnane of the formula: 




wherein P : is oxo, a- or 0-hydroxy, a- or 0-acetoxy, a- or 
0-propionoxy, a- or 0-lower alkoxy, ct- or 0-iower acylcxy or 
a- or £-benzyloxy; 

»a", "b M , "c", *' d '* , "e", "f\ "g", M h H , "i'\ 
« m ", and "n" are alternative sites for optional double 
bonds, and "k" may be absent or present with -j« to form a 
triple bond; 

P 2 is a hydroxy, hydrogen, lower alkoxy of 1 to 

6 carbon atoms, or P 2 is absent; 

P, is oxo, hydrogen, hydroxy, lower alkoxy of 

1-6 carbon atoms or halo; 

P 4 is methyl or ethyl; 

P s is hydrogen, methyl or halo; 

P 6 is hydrogen or methyl; 

R' and R M are independently, hydrogen or halo, 
or are absent . 
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11. A method according to Claim 10 wherein "a", "e" 
and "d" are double bonds. 

12. A method according to Claim 11 wherein M h" is a 
double bond. 

5 13. A method according to Claim 11 wherein "g" is a 

double bond. 

14. A method according to Claim 13 wherein M n" is a 
double bond. 

15. A method according to Claim 10 wherein "d" is a 
10 double bond. 

16. A method according to Claim 15 wherein "b" is a 
15 double bond. 

17. A method according to Claim 15 wherein "c" is a 
double bond. 

15 18. A method according to Claim 17 wherein "f" is a 

double bond. 

19. The method of claim 2 wherein said steroid is 
an estrene which has the formula: 
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wherein R ; is selected from the group consisting essentially 
cf one or two hydrogen atoms, methyl, methylene, and one or 
two halo atoms; R 2 is absent or is selected from the group 
consisting essentially of hydrogen and methyl; R, is 
selected from the group consisting essentially of cxo, 
hydroxy, lower alkoxy, lower acyloxy, benzoyl, cypionyi, 
glucuronide and sulfonyl; R 4 is selected from the group 
consisting essentially of hydrogen, hydroxy, lower alkoxy, 
lower acyloxy and halo; R s is absent or is selected from the 
group consisting essentially of hydrogen, hydroxy, lower 
alkoxy and lower acyloxy; R 5 is a hydrogen or. a halo; and 
-a" represents optional aromatic unsaturation of ring A of 
said steroid, or "b", "c", and -d- are each optional double 
bonds; "e", "f". "9". " h "' " i " and "1" are each °P tional 
double bonds; and "e" may also form an epoxy ring with C :S 

and C :7 . 

20. A method according to Claim 19 wherein "a" is 
present and "g", "h" or "i" are optional double bonds. 

21. A method according to Claim 20 wherein "h" and 
"i" are both double bonds. 
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22. A method according to Claim 19 wherein "b" is a 
double bond. 

23. A method according to Claim 19 wherein "j" is a 
double bond. 

5 24. A method according to Claim 19 wherein "c" is a 

double bond. 

25. A method according to Claim 19 wherein "c" and 
"d" are double bonds. 

26. A method according to Claim 19 wherein R 2 is 
10 methyl and "e M is a double bond. 

27. A method according to Claim 19 wherein said 
steroid is selected from the group consisting of 
Estra-4, 16-dien-3-one;Estra-l, 3 , 5 (10) , 16-tetraene-3-ol ; 10 
Estra-4 , 16 -dien-3a-ol ; Estra-4 , 9 (10) , 16-triene-3-one; 

15 Estra-1, 3 , 5 (10) , 16-tetraen-3-ol-6-one;3-Methoxyl-estra- 
2, 5 (10) , 16-triene; Estra-5 (10) , 16-dien-3a-ol ; and Estra- 
1, 3 , 5 (10) , 16-tetraen-3 , 6a-diol . 

28. A method according to Claim 19 wherein R s is 

methyl . 

20 2 9. A method according to Claim 28 wherein said 

steroid is selected from the group consisting essentially of 
Estra-1, 3 , 5 (10) -trien-3-ol; Estra- 

1,3,5(10) , 6-tetraen-3-ol;and Estra-1, 3, 5 (10) , 7-tetraen 3-ol. 

30. A method according to Claim 19 wherein R : is 
25 methylene. 
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31. A method according to Claim 30 wherein said 
steroid is 17-Methylene-estra-l, 3 , 5 (10) , 6, 8 (9) hexaen-3-ol . 

32. A- method according to Claim 19 wherein R x is 
methylene or a single hydrogen and R 2 is methyl. 

5 33. A method according to Claim 19 wherein "f" is a 

double bond and R 2 is methyl. 

34. The method of Claim 33 wherein at least one 
Estrene steroid is selected from the group consisting of 
1,3,5 (10) , 16-Estratetraen-3-methyl ether, 

10 01,1,3,3(10) , 16-Estratetraen-3-ol 

1,3,5 (10) , 16-Estratetraen-3-yl acetate, and 1,3,5 (10), 
16-Estratetraen-3-yl propionate. 

35. The method of Claim 33 wherein the Estrene 
steroid is 1,3,5(10), 16-Estratetraen-3-ol . 

15 36. A method of Claim 19 wherein the estrene is 

estra-4 , 16-dien-10/S-ol-3-one . 

37. A method according to Claim 19 wherein "e" 
forms an epoxy ring with C u and C l7 . 

38. A method according to Claim 37 wherein said 
20 estrene is 16a, 17or-epoxy-estra-l , 3, 5 (10) -trien-3-ol . 

39. A method according to Claim 37 wherein said 
estrene is 16a, 17of-epoxyestr-4-en-lO0-ol-3-one. 

40. The method of claim 2 wherein said steroid is 
an androstane of the formula: 
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wherein ?■ is selected from the group consisting of oxo, 
oc-(tf-) hydroxy, oc-(jS-) acetoxy, a- (3-) propicnoxy, sc-Itf-i 
methoxy, -ac- (-3-- ) lower acyloxy, oc-(fl-) lower aikyloxy, and 
ac-()3-) benzoyloxy; P 2 is selected from the croup consisting 
of methyl, hydroxymethyl , acyloxymethyl , alkoxymethyl , lower 
alkyl, hydroxyalkyl, acyloxyalkyl , and alkoxylalkyl ; P, is 
absent or is selected from the group consisting of methyl, 
hydroxymethyl, acyloxymethyl, alkoxymethyl , lower alkyi, 
hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl; P 4 is selected 
from the group consisting of hydrogen, oxo, halo, hydroxy, 
alkoxy, and acyloxy; P 5 represents one or 2 substituents , 
wherein P 5 comprises one or two hydrogen atoms, methyl, 
methylene, or one or two halo atoms; P« is hydrogen or halo; 
and "a", "b" , B c", "d n , "e H , " f", and "h" are alternative 
sites for optional double bonds. 

41. A method according to Claim 40 wherein "b n is a 
double bond. 

42. A method according to Claim 41 wherein M c" or 
"d" is a double bond. 
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43. A method according to Claim 40 wherein "a" and 
n c" are double bonds. 

44. A method according to Claim 40 wherein P 3 is 
methyl, "h" is an optional double bond, and P 5 is methylene 
or one or two hydrogen atoms , 

45. A method according to Claim 40 wherein P 3 is 
methyl and "h" is a double bond. 

46 . A method according to Claim 45 wherein said 
steroid is selected from the group consisting of - 
Androsta-5, 16-dien-3a-ol , Androsta-4, 6, 16 -triene-3-one; 
Androsta-4 , 16 -dien-3 , 6-dione; 19 -Hydroxy - 

androsta-4 , 16 -dien-3 -one ; 3 -Methoxy-androsta-3 , 5, 16-triene : 
and 6~-Hydroxy-androsta-4-16 , -dien-3-one . 

47. A method according to Claim 40 wherein P 3 is 

methyl . 

48. A method according to Claim 47 wherein said 
steroid is Androst-4-en-3-one . 

49. A method according to Claim 40 wherein P 5 is 
methylene . 

50. A method according to Claim 49 wherein said 
steroid is selected from the group consisting of 
20-Homo-androsta-4 , 17-dien-3--ol ; 20-Homo androsta-- 

4 , 17-dien-30-ol; and 20-Homo androsta-4 , 17 -dien-3 , 6 -dione . 

51. A method according to Claim 40 wherein P 5 is 
methyl and "f" is a double bond. 
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52. The tr.ethod of Claim 40 wherein "a" or "b" is a double 

bond . 

53. The method of Claim 40 wherein at least one Androstane 
steroid is selected from the group consisting of Androsta-4, 

51S-dien-3-one, Androsta-4 , 16 -dien-3a-ol and Androsta-4 , 16 -dien-3tf-ol . 

54 . The method of Claim 53 wherein said steroid is 
Androsta-4 , 16-dien-3-one . 

55. A method according to Claim 53 wherein said steroid is 
Androsta-4 , 16-dien-30-ol . 

10 56. A method of Claim 2 wherein said steroid is a 19-nor- 

cholane of the formula: 0 




wherein P x is oxo, a- or 0-hydroxy, a- or 0-acetoxy, 

a- or j8-propionoxy, a- or 0- lower alkoxy, or- or /?- lower acyloxy or or- 
or 0-benzyloxy; 

15 «a H , "b", "C", "d", "e", "f'\ M g" , "h'V "i", "j" , "m" ( 

"s" and M n" are alternative sites for optional double bonds, and "k" 
may be absent or present with "j rt to form a triple bond; 
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P 2 is hydroxy, hydrogen, lower alkoxy of 1 to 6 
carbon atoms, or P 2 is absent; 

P 3 is oxo, hydrogen, hydroxy, lower alkoxy of 
1-6 carbon, atoms or halo; 
5 P 4 is methyl or ethyl; 

each P 5 and P ? is independently is hydrogen, 
methyl or halo; 

P 6 is hydrogen or methyl; 

R' and R " are independently, hydrogen halo, or 
10 are absent, or together form = CH 2 ; 

and q is an integer from 0 to 2; 

on the surface of nasal neuroepithelial cell of 
said individual wherein said cell is a part of tissue other 
than olfactory epithelia; and 
15 administering said 19-nor-cholane derivative 

within a nasal passage of said individual such that said 19- 
nor-cholane derivative binds specifically to said receptor 
and results in an alteration of hypothalamic function of 
said individual. 

20 57. A method according to Claim 56 wherein "a", H e" 

and "d" are double bonds. 

58. A method according to Claim 57 wherein "h" is a 
double bond. 

59. A method according to Claim 57 wherein "g" is a 
25 double bond. 

60. A method according to Claim 59 wherein "n" is a 
double bond. 

61. A method according to Claim 56 wherein "d" is a 
double bond. 
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63 . A method according 
double bond. 

5 64 . A method according 

double bond. 
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to Claim 61 wherein "b 11 is a 



to Claim 56 wherein "c" is a 



to Claim 51 wherein "s" is a 



65. The method of any of Claims 1 through 64 
wherein the amount of said steroid that is administered is 
at least about 100 picograms, but no more than about 100 

10 micrograms. 

66. The method of Claim 65 wherein the amount of 
said steroid that is administered is at least about 1 
nanogram, but no more than about 10 micrograms. 

67. The method of Claim 66 wherein the amount of 
15 said steroid that is administered is at least about 10 

nanograms, but no more than about 1 microgram. 

68. The method of Claim 65 wherein said steroid is 
administered in an ointment. 



69. The method of Claim 65 wherein said steroid is 
20 administered in a liquid. 

70. The method of Claim 65 wherein said steroid is 
administered by aerosol. 

71. A method of treating anxiety disorders in an 
individual, said method comprising: 
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providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
said individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

5 administering said effective amount of said 

steroid within a nasal passage of said 
individual such that said steroid binds 
specifically to said receptors and results in 
alleviation of symptoms of said disorder in 
10 said individual. 

72. A method according to Claim 71 wherein said 
individual is a female. 

73 . A method according to Claim 71 wherein said 
individual is a male . 

15 74 . A method of altering body temperature in an 

individual, said method comprising: 

providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
said individual wherein said cells are part of 

20 tissue other than olfactory epithelia; and, 

administering said effective amount of said 
steroid within a nasal passage of said 
individual such that said steroid binds 
specifically to said receptors and results in 
25 altering body temperature in said individual. 

75. A method of treating paroxistic tachycardia in 
an individual, said method comprising: 

providing a steroid which binds to receptors on 
the surface of nasal neuroepithelial cells of 
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said individual wherein said cells are part of 
tissue other than olfactory epithelia; and, 

administering said effective amount of said 
steroid within a nasal passage of said 
5 individual such that said steroid binds 

specifically to said receptors and results in 
alleviation of symptoms of said disorder in 
said individual. 

76. A steroid according to the formula: 




10 wherein R, is selected from the group consisting essentially 
of one or two hydrogen atoms, alkyl of 1 to 10 carbon atoms; 
R 2 is absent or is selected from the group consisting 
essentially of hydrogen, methyl and oxygen to form an epoxy 
ring with C :7 ; R 3 is selected from the group consisting 

15 essentially of oxo, hydroxy, lower alkoxy, lower acyloxy, 
benzoyl, cypionyl, glucuronide and sulfonyl; R 4 is selected 
from the group consisting essentially of hydrogen, hydroxy, 
lower alkoxy, lower acyloxy and halo; R 5 is absent or is 
selected from the group consisting essentially of hydrogen, 

20 hydroxy, lower alkoxy and lower acyloxy; R 6 is a hydrogen or 
a halo; and "a" represents optional aromatic unsaturation of 
ring A of said steroid, or "b", "c" , and "d" are each 
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optional double bonds; "g t! f "h" , "i" and "j" are each 
optional double bonds; and "e" may form an epoxy ring with 
C : . ; and C :7 ; " f" may form an epoxy ring with C :3 and C 17 ; and 
"k" may form an epoxy ring with C :7 and C 2C . 

5 77. A steroid according to Claim 76, 16a, 17a-epoxy- 

estr-4-en-10/3-ol- 3 - one . 

78.. A steroid according to Claim 76, estra-4,16- 
dien-10/3-ol-one . 

79. A steroid according to Claim 76.,. 17a, 2.0 a- epoxy - 
10 19-norpregna-l, 3 , 5 ( 10- trien-3 -ol . 

80. A steroid according to Claim 76, 16a, 17a- 
epoxypregn-4 -en- 3 -one . 

81. A steroid according to Claim 76, 13,17-epoxy- 
10 , 17-dimethylgon-4 -en- 3 -one . 

15 82. A steroid according to Claim 76, 16a, 17a-epoxy- 

19, 21-bisnorchol-4-en-lO0-ol-3 -one . 

83. A method for altering a hypothalamic function 
of an individual, said method comprising providing a steroid 
for a chemoreceptor of a nasal neuroepithelial cell of said 
20 individual, wherein said cell is part of tissue other than 
olfactory epithelia of the following formula: 
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wherein R x is selected from the group consisting essentially 
of one or two hydrogen atoms, alkyl of 1 to 10 carbon atoms; 
R 2 is absent or is selected from the group consisting 
essentially of hydrogen, methyl and oxygen to form an epoxy 
5 ring with C 17 ; R 3 is selected from the group consisting 
essentially of oxo, hydroxy, lower alkoxy, lower acyloxy, 
benzoyl, cypionyl, glucuronide and sulfonyl; R 4 is selected 
from the group consisting essentially of hydrogen, hydroxy, 
lower alkoxy, lower acyloxy and halo; R s is absent or is 

10 selected from the group consisting essentially of hydrogen, 
hydroxy, lower alkoxy and lower acyloxy; R 6 - is a hydrogen or 
a halo; and "a" represents optional aromatic unsaturation of 
ring A of said steroid, or "b", "c" , and "d" are each 
optional double bonds; "g" , "h", "i" and "j" are each 

15 optional double bonds; and "e" may form an epoxy ring with 
C l6 and C 17 ; "f" may form an epoxy ring with C 13 and C l7 ; and 
M k" may form an epoxy ring with C 17 and C 20 ; and, 

administering said steroid within a nasal passage of 
said individual such that said steroid binds specifically to 

20 said chemoreceptor and results in an alteration of 
hypothalamic function of said individual. 
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